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MINATURE AIRCRAFT 

FIELD OF INDUSTRIALUTILIZATION 

0001. The present invention relates to a miniature air 
craft. 

PRIOR ART 

0002 Helicopters and the like are known examples of 
aircrafts (flying objects) that can soar in the air by using 
rotating rotors (rotor heads) having rotary wings, and min 
iature aircraft can be cited as examples of toys (toy heli 
copters) and the like (for example, see Prior Art 1). How 
ever, with miniature aircraft it is sometimes difficult to place 
(lay) the cable (for example, the cable of the motor (drive 
Source) for rotating the rotary wings) near the axle that is the 
rotational center of the rotary wings. Also, there is the 
danger that the cable will wind around the axle when the 
rotary wings (axle) rotate. 
0003 Prior Art 1 Japanese Laid-Open Patent Applica 
tion No. 2004-121798 

SUMMARY OF THE INVENTION 

Problems which the Invention is Intended to Solve 
0004 An object of the present invention is to provide a 
miniature aircraft wherein the cable connected to the drive 
source can be easily positioned. 
Means Used to Solve the Above-Mentioned Problems 
0005 Such an object is achieved by the present invention 
as follows. 

0006 The miniature aircraft of the present invention has 
an axle; 
0007 two rotors which are capable of rotating in opposite 
directions and are disposed Substantially coaxially with the 
axle; 
0008 rotary wings provided to the rotors; 
0009 a drive source for rotating the rotary wings via the 
rotors; and 
0010 a cable connected to the drive source; wherein 
0011 a hollow section is formed in the axle along the 
longitudinal direction thereof, and the cable is inserted 
through the hollow section. 
0012. The cable connected to the drive source can 
thereby be easily positioned. 

0013 The miniature aircraft of the present invention 
preferably includes a cowling that has a vertically upward 
oriented convexity and a symmetrical shape as seen from the 
longitudinal direction of the axle in the reference orientation. 
0014. The airborne orientation (airborne state) of the 
miniature aircraft can thereby be stabilized. 
0.015 The miniature aircraft of the present invention 
preferably has a cowling which is provided to the axle and 
has a vertically upward oriented convexity in the reference 
orientation; and 
0016 a fuel cell as an area for storing energy to drive the 
miniature aircraft; wherein 
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0017 
fuel cell. 

at least part of the cowling constitutes part of the 

0018. The number of components constituting the fuel 
cell can thereby be reduced. 

0019. The miniature aircraft of the present invention 
preferably has a cowling which is provided to the axle and 
has a vertically upward oriented convexity in the reference 
orientation; and 

0020 a fuel cell for storing energy to drive the miniature 
aircraft; wherein 

0021 at least part of the cowling functions as a casing for 
the fuel cell. 

0022. Thereby, a separate casing for the fuel cell does not 
need to be provided. 

0023. In the miniature aircraft of the present invention, it 
is preferable that the cowling has a cavity that opens 
vertically upward in the reference orientation. 

0024. The size (height) of the miniature aircraft can 
thereby be reduced (suppressed). 

0025. In the miniature aircraft of the present invention, 
the cowling is preferably configured from metal material, 
resin material, or a combination thereof. 

0026. The cowling can thereby be easily formed. 

0027. The miniature aircraft of the present invention 
preferably has a circuit board having specific circuits; a 
thrust generation device composed of the rotors, rotary 
wings, and drive source on the main body having an energy 
storage device for storing energy to drive the miniature 
aircraft; a displacement mechanism for displacing the thrust 
generation device; and an orientation varying device (ori 
entation changer) for varying the airborne orientation with 
the displaced thrust generation device. 

0028. The miniature aircraft can thereby be flown in a 
stable manner. 

0029. The miniature aircraft of the present invention 
preferably has the rotors, the displacement mechanism, the 
circuit board, and the energy storage device in sequence 
vertically downward in the reference orientation. 

0030 The center of gravity of the miniature aircraft can 
thereby be lowered, and the miniature aircraft can be flown 
in a more stable manner. 

0031. In the miniature aircraft of the present invention, it 
is preferable that the energy storage device is configured 
from a battery; and 

0032 the aircraft has a plurality of pawls for engaging 
with the edge of the battery and holding the battery in a 
detachable manner. 

0033. The battery can thereby be easily replaced. 

0034. The miniature aircraft of the present invention 
preferably has a grounding device which supports the min 
iature aircraft and has a fixed unit with a gimbal structure 
that is fixed in place on the axle further vertically upward 
than the displacement mechanism, and also has a leg extend 
ing vertically downward from the fixed unit; wherein 
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0035 the aircraft is configured so that the axle is oriented 
substantially vertically upward by the gimbal structure when 
the aircraft is grounded by the grounding device. 
0036) The miniature aircraft thereby takes off more easily 
because the thrust during takeoff is oriented vertically 
upward. 

0037. In the miniature aircraft of the present invention, it 
is preferable that the energy storage device is configured 
from a storage battery; 
0038 electrodes connected to a power supply source are 
provided to the grounding locations at which the miniature 
aircraft is grounded; and 
0.039 when the aircraft is grounded at the two grounding 
locations by the grounding device, the storage battery con 
ducts electric current to the electrodes via the leg, and power 
from the power Supply source is stored. 
0040 Power can thereby be reliably stored in the storage 
battery every time the miniature aircraft is grounded at the 
grounding locations. 
0041. In the miniature aircraft of the present invention, it 

is preferable that the rotary wings and the displacement 
mechanism are provided so as to be symmetrical as seen 
from the longitudinal direction of the axle. 
0042. The airflow from the rotary wings can thereby be 
entirely made to flow vertically upward, whereby the sta 
bility of the airborne miniature aircraft in the vertical) 
direction can be improved. 
0043. The miniature aircraft of the present invention 
preferably has a circuit board having specific circuits; and 
0044) a holding frame which holds the circuit board and 

is shaped as a Substantially rectangular prism; wherein 
0045 the circuit board is disposed along the outer periph 
ery of the holding frame. 
0046) The surface area of the circuit board can thereby be 
increased, and many circuits can be formed on the circuit 
board. 

0047 The miniature aircraft of the present invention 
preferably has a circuit board having specific circuits; and 
0.048 a holding frame which holds the circuit board and 

is shaped as a Substantially rectangular prism; wherein 

0049 the circuit board is provided on the inner side of the 
holding frame. 
0050. The inner side of the holding frame can thereby be 
utilized efficiently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051 FIG. 1 is a perspective view showing the first 
embodiment of the miniature aircraft of the present inven 
tion; 

0.052 FIG. 2 is a cross-sectional side view showing an 
enlargement of the area near the center axis in the miniature 
aircraft shown in FIG. 1. 

0053 FIG. 3 is a perspective view showing the stabilizer 
bar in the miniature aircraft shown in FIG. 1 and the vicinity 
thereof 
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0054 FIG. 4 is a perspective view of a vibrating member 
in the miniature aircraft shown in FIG. 1; 
0055 FIG. 5 is a plan view showing the manner in which 
the vibrating member drives a driven member in the min 
iature aircraft shown in FIG. 1; 
0056 FIG. 6 is a plan view showing the manner in which 
the convexity of the vibrating member moves in an elliptical 
pattern in the miniature aircraft shown in FIG. 1; 
0057 FIG. 7 is a perspective view of the orientation 
varying device in the miniature aircraft shown in FIG. 1; 
0058 FIG. 8 is a perspective view of a linear actuator of 
the orientation varying device shown in FIG. 7: 
0059 FIG. 9 is a plan view of a linear actuator of the 
orientation varying device shown in FIG. 7: 
0060 FIG. 10 is a cross-sectional view along the line A-A 
in FIG. 9; 
0061 FIG. 11 is a plan view showing another structural 
example of the linear actuator, 
0062 FIG. 12 is a perspective view of a vibrating mem 
ber in the miniature aircraft shown in FIG. 1; 
0063 FIG. 13 is a plan view showing the manner in 
which the vibrating member drives a driven member in the 
miniature aircraft shown in FIG. 1; 

0064 FIG. 14 is a plan view showing the manner in 
which the vibrating member drives a driven member in the 
miniature aircraft shown in FIG. 1; 
0065 FIG. 15 is a vie of a block diagram showing the 
circuit configuration in the miniature aircraft shown in FIG. 
1; 

0066 FIG. 16 is a schematic view (side view) for describ 
ing the operation of the miniature aircraft shown in FIG. 1; 
0067 FIG. 17 is a schematic view (side view) for describ 
ing the operation of the miniature aircraft shown in FIG. 1; 
0068 FIG. 18 is a schematic view (side view) for describ 
ing the operation of the miniature aircraft shown in FIG. 1; 
0069 FIG. 19 is a schematic view (side view) for describ 
ing the operation of the miniature aircraft shown in FIG. 1; 
0070 FIG. 20 is a schematic view (plan view) for 
describing the operation of the miniature aircraft shown in 
FIG. 1; 

0071 FIG. 21 is a graph showing the relationship 
between the altitude of the miniature aircraft and the lift 
when the spring force (elastic force) of the legs of the 
grounding device of the miniature aircraft shown in FIG. 1 
and the rotational frequency of the rotary wings (rotor) are 
constant; 

0072 FIG.22 is a schematic view (side view) for describ 
ing the operation and the like of the miniature aircraft shown 
in FIG. 1; 

0.073 FIG. 23 is a schematic view (side view) for describ 
ing the operation and the like of the miniature aircraft shown 
in FIG. 1; 

0074 FIG. 24 is a side view showing the second embodi 
ment of the miniature aircraft of the present invention; 
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0075 FIG. 25 is a perspective view showing the third 
embodiment of the miniature aircraft of the present inven 
tion; and 
0076 FIG. 26 is a side view of a condition in which the 
miniature aircraft shown in FIG. 25 is grounded. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0077 Embodiments of the invention will now be 
described with reference to the drawings. As will be appar 
ent from the disclosure of the present invention to those 
skilled in the art, the description of the invention embodi 
ments is intended solely to illustrate the present invention 
and should not be construed as limiting the scope of the 
present invention, which is defined by the claims described 
below or by equivalent claims thereof. 

First Embodiment 

0078 FIG. 1 is a perspective view showing the first 
embodiment of the miniature aircraft of the present inven 
tion, FIG. 2 is a cross-sectional side view showing an 
enlargement of the area near the center axle in the miniature 
aircraft shown in FIG. 1, FIG. 3 is a perspective view 
showing a stabilizer bar and the Surrounding area in the 
miniature aircraft shown in FIG. 1, FIG. 4 is a perspective 
view of a vibrating member in the miniature aircraft shown 
in FIG. 1, FIG. 5 is a plan view showing the manner in which 
the vibrating member drives a driven member in the min 
iature aircraft shown in FIG. 1, FIG. 6 is a plan view 
showing the manner in which the convexity of the vibrating 
member moves in an elliptical pattern in the miniature 
aircraft shown in FIG. 1, FIG. 7 is a perspective view of the 
orientation varying device (orientation changer) in the min 
iature aircraft shown in FIG. 1, FIG. 8 is a perspective view 
of a linear actuator of the orientation varying device in the 
miniature aircraft shown in FIG. 1, FIG. 9 is a plan view of 
the linear actuator of the orientation varying device in the 
miniature aircraft shown in FIG. 1, FIG. 10 is a cross 
sectional view along the line A-A in FIG. 9, FIG. 11 is a plan 
view showing another structural example of the linear 
actuator, FIG. 12 is a perspective view of the vibrating 
member in the miniature aircraft shown in FIG. 1, FIGS. 13 
and 14 are plan views showing the manner in which the 
vibrating member drives the driven member in the miniature 
aircraft shown in FIG. 1, and FIG. 15 is a block view 
showing the circuit configuration in the miniature aircraft 
shown in FIG. 1. 

0079. In the following descriptions, the top (upper side) 
of FIGS. 1, 2, 3, and 7 is referred to as the “top,” and the 
bottom (lower side) is referred to as the “bottom.” 
0080. Also, the orientation of the miniature aircraft 
shown in FIG. 1 is referred to as the “reference orientation,” 
and in FIG. 1, the up/down direction is referred to as the 
“vertical direction, the top (upper side) is referred to as the 
“vertical top (vertical upper side), and the bottom (lower 
side) is referred to as the “vertical bottom (vertical lower 
side).” 
0081. Also, in FIGS. 1, 3, and 7, an X-axis, y-axis, and 
Z-axis (X-y-Z coordinates) that intersect with each other are 
assumed to have the arrangement shown in the diagrams. 
The Z-axis is assumed in this case to coincide with or be 
parallel to the rotational centerline (rotational center axis) of 
the rotors. 
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0082 The miniature aircraft 1 shown in these diagrams 
has a Substantially pillar-shaped center axle (axle) 22, two 
base parts 2 fixed in place on the center axle 22 so as to face 
each other, a rotor (first rotor) 3 that is rotatably disposed on 
the center axle 22 (the lower base part 2) and that includes 
a rotary wing (first rotary wing) 34, a vibrating member 
(ultrasonic motor) 4 provided to the lower base part 2 as a 
drive source for rotatably driving the rotor 3 (rotary wing 
34), a rotor (second rotor) 5 that is rotatably provided to the 
center axle 22 (upper base part 2) and that includes a rotary 
wing (second rotary wing) 54, a vibrating member (ultra 
Sonic motor) 4 provided to the upper base part 2 as a drive 
source for rotatably driving the rotor 5, an orientation 
stabilizer (stabilizer) 19 for stabilizing the airborne orienta 
tion of the miniature aircraft 1, an orientation varying device 
(orientation changer) 16 for varying the airborne orientation 
of the miniature aircraft 1 by moving its center of gravity, a 
grounding device 6 that is fixed in place on the center axle 
22 for Supporting the miniature aircraft 1, and a cowling 7 
that creates an airflow along the outer surface 71. The rotor 
3 and the rotor 5 rotate in opposite directions and are 
disposed coaxially. Specifically, the miniature aircraft 1 
includes two contrarotating rotors. 
0083. A thrust generation device (lift creating device) for 
creating thrust (lift) is primarily configured by the rotors 3 
and 5, the vibrating member 4 for rotatably driving the rotor 
3 (rotary wing 34), and the vibrating member 4 for rotatably 
driving the rotor 5 (rotary wing 54). In the reference 
orientation, the thrust generation device is disposed at the 
vertical top, and the orientation varying device 16 and 
grounding device 6 are both disposed at the vertical bottom. 
0084. The configuration of the components will now be 
described. 

0085. As shown in FIGS. 1 and 2, the two base parts 2 
both have a base plate 21 with a substantial flat plate shape, 
and a vibrating member mounting unit 23 provided to the 
base plate 21. In the base part 2 on the upper side, the 
vibrating member mounting unit 23 is provided to the upper 
side of the base plate 21, and in the rotor 3 on the lower side, 
the vibrating member mounting unit 23 is provided to the 
lower side of the base plate 21. 
0086) The rotor 3 is rotatably disposed below the lower 
side base part 2 on the center axle 22. 
0087. The rotor 3 rotates clockwise as viewed in a plane 
(as seed from the upper side in FIG. 2). 
0088 As shown in FIG. 2, the rotor 3 has a cylindrical 
member 31 with a substantially cylindrical shape, a rotary 
wing fixing member 32 and driven member 33 that are both 
joined (fixed) to the outer side (outer periphery) of the 
cylindrical member 31, and two rotary wings (first rotary 
wing) 34 that are both joined to the rotary wing fixing 
member 32. 

0089. The rotor 3 is disposed so that the center axle 22 is 
inserted through the cavity of the cylindrical member 31, 
specifically, through an axle hole 35. Two bearings 11, 11 are 
provided between the center axle 22 and the inner surface of 
the axle hole 35, whereby the rotor 3 is enabled to rotate 
smoothly around the center axle 22 (rotational centerline 36) 
in relation to the base parts 2. 
0090 The bearings 11 are configured from sliding bear 
ings, but ball-and-roller bearings may also be used. 
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0.091 The rotary wing fixing member 32 is configured 
from a cylindrical part 321 formed into a substantial cylin 
der, and a fixing part 322 formed to protrude from the lower 
end of the cylindrical part 321 in a direction substantially 
orthogonal to the rotational centerline 36 of the rotor 3. The 
rotary wing fixing member 32 is joined to the cylindrical 
member 31 by press fitting, for example, with the cylindrical 
member 31 inserted through the inner side of the cylindrical 
part 321. 
0092. The base parts (roots) of the two rotary wings 34 
are both joined to the fixing part 322. 
0093. The two rotary wings 34 are provided so as to 
extend from the rotational centerline 36 in opposite direc 
tions from each other. Specifically, the two rotary wings 34 
are provided at substantially 180° intervals. Also, the rotary 
wings 34 are disposed in an orientation Substantially 
orthogonal to the rotational centerline 36. 
0094. The rotary wings 34 also rotate along with the 
clockwise rotation of the rotor 3 as seen in a plane (as seen 
from the upper side in FIG. 2) due to the driving of the 
vibrating member 4 to be described later. Specifically, the 
rotary wings 34 rotate via the rotor 3 due to the driving of 
the vibrating member 4. Lifting force (upward force sub 
stantially parallel to the rotational centerline 36) acts on the 
rotary wings 34. 
0.095 The number of rotary wings 34 provided to the 
rotor 3 is not limited to two, and three or more rotary wings 
may also be provided. 
0096) The driven member 33 is provided to the outer 
periphery at the upper end of the cylindrical member 31. 
Specifically, the driven member 33 is disposed on the upper 
side of the rotary wing fixing member 32. 
0097. The driven member 33 has a substantial ring shape 
(annular shape), and is joined to the cylindrical member 31 
by press fitting, for example, with the upper end of the 
cylindrical member 31 inserted through the inner side 
thereof. 

0098. The cylindrical member 31, the rotary wing fixing 
member 32, and the driven member 33 may be formed 
integrally (as one member). The rotary wings 34 may also be 
formed integrally with these members. 
0099. The vibrating member 4 for rotatably driving such 
a rotor 3 may be provided to the lower side of the base parts 
2 so as to be in contact with the outer peripheral surface 331 
of the driven member 33. 

0100. The rotor 5 is rotatably disposed above the upper 
side base part 2 on the center axle 22. The rotor 5 rotates 
counterclockwise as viewed in a plane (as seed from the 
upper side in FIG. 2). 
0101 The rotor 5 has a cylindrical member 51 with a 
Substantially cylindrical shape, a rotary wing fixing member 
52 and driven member 53 that are both joined (fixed) to the 
outer side (outer periphery) of the cylindrical member 51, 
and two rotary wings (second rotary wing) 54 that are both 
joined to the rotary wing fixing member 52, and is disposed 
above the rotor 3 coaxially (concentrically) with the rotor 3. 
0102) The rotor 5 is disposed so that the center axle 22 is 
inserted through the cavity of the cylindrical member 51, 
specifically, through an axle hole 55. Two bearings 11, 11 are 
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provided between the center axle 22 and the inner surface of 
the axle hole 55, whereby the rotor 5 is enabled to rotate 
smoothly around the center axle 22 (rotational centerline 36) 
in relation to the base parts 2. 
0103) The rotary wing fixing member 52 is configured 
from a cylindrical part 521 formed into a substantial cylin 
der, two axles 523 formed to protrude from the upper end of 
the cylindrical part 521 in a direction substantially orthogo 
nal to the rotational centerline 36 of the rotor 5, and a fixing 
part 522 disposed to be capable of rotating around the two 
axles 523 at a specific angle. The axles 523 protrude in 
opposite directions from each other. The rotary wing fixing 
member 52 is joined to the cylindrical member 51 by press 
fitting, for example, with the cylindrical member 51 inserted 
through the inner side of the cylindrical part 521. 
0.104) The base parts (roots) of the two rotary wings 54 
are both joined to the fixing part 522. 
0105 The two rotary wings 54 are disposed along the 
corresponding axles 523 (in a way in which the axles 523 
coincide with or are parallel to an axis 541 substantially 
parallel to the longitudinal direction of the rotary wings 54) 
so as to extend from the rotational centerline 36 in opposite 
directions from each other. Specifically, the two rotary wings 
54 are provided at substantially 180° intervals. Also, the 
rotary wings 54 are disposed in an orientation Substantially 
orthogonal to the rotational centerline 36. 
0106 When the fixing part 522 rotates around the axles 
523, the rotary wings 54 rotate with the fixing part 522 
around the axle 541 substantially parallel to the longitudinal 
direction, and the pitch angle of the rotary wings 54 varies. 
0.107 The pitch angle of the rotary wings 54 is preferably 
1 to 6 degrees less than the pitch angle of the rotary wings 
34, and is even more preferably 2 to 5 degrees less. Sufi 
cient lift can thereby be obtained. 
0.108 Also, when, for example, the rotational angle of the 
rotary wings 54 has increased, the vibrating member 4 must 
vibrate strongly because the resistance torque of the rotor 5 
increases. However, the vibrating member 4 can be Sup 
pressed from vibrating strongly, specifically, it is possible to 
prevent a load from being applied to the vibrating member 
4, by decreasing the pitch angle of the rotary wings 54 to less 
than the pitch angle of the rotary wings 34. 
0.109 The rotary wings 54 similarly rotate along with the 
counterclockwise rotation of the rotor 5 as seen in a plane (as 
seen from the upper side in FIG. 2) as a result of the driving 
of the vibrating member 4, to be described later. Specifically, 
the rotary wings 54 rotate via the rotor 3 due to the driving 
of the vibrating member 4. Lifting force (upward force 
substantially parallel to the rotational centerline 36) acts on 
the rotary wings 54. 
0110. The number of rotary wings 54 provided to the 
rotor 5 is not limited to two, and three or more rotary wings 
may also be provided. 

0111. The driven member 53 is provided to the outer 
periphery at the lower end of the cylindrical member 51. 
Specifically, the driven member 53 is disposed on the lower 
side of the rotary wing fixing member 52. 

0.112. The driven member 53 has a substantial ring shape 
(annular shape), and is joined to the cylindrical member 51 
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by press fitting, for example, with the lower end of the 
cylindrical member 51 inserted through the inner side 
thereof. 

0113. The cylindrical member 51, the cylindrical part 521 
of the rotary wing fixing member 52, the axles 523, and the 
driven member 53 may be formed integrally (as one mem 
ber). The rotary wings 54 may also be formed integrally with 
the fixing part 522. 
0114. According to such a configuration, the rotary wings 
54 are disposed farther up than the rotary wings 34. Also, the 
rotary wings 54 are disposed on the upper side of the base 
plate 21 of the upper side base part 2, and the rotary wings 
34 are disposed on the lower side of the base plate 21 of the 
lower side base part 2. 
0115 When the rotor 3 rotates clockwise as seen in a 
plane (as seen from the upper side in FIG. 2), lift acts on the 
rotary wings 34, and when the rotor 5 rotates in the opposite 
direction from the rotor 3, lift acts on the rotary wings 54, 
and the miniature aircraft 1 rises into the air (flies) as a result 
of this lift. 

0116) Next, a vibrating member 4 for rotatably driving 
the rotor 3 will be described as a typical example of the 
vibrating member 4. 
0117 The vibrating member 4 has a substantially rect 
angular shape, as shown in FIG. 4. The vibrating member 4 
is configured by Stacking, in sequence as seen from the 
upper side of in FIG. 4, a plate-shaped electrode 41, a 
plate-shaped piezoelectric element 42, a reinforcing plate 
43, a plate-shaped piezoelectric element 44, and a plate 
shaped electrode 45. The thickness direction is depicted in 
an exaggerated manner in FIG. 4. 
0118. The piezoelectric elements 42 and 44 have a rect 
angular shape, and they elongate or constrict in the longi 
tudinal direction as a result of Voltage being applied. The 
structural material of the piezoelectric elements 42 and 44 is 
not particularly limited, and may be, for example, lead 
zirconate titanate (PZT), crystal, lithium niobate, barium 
titanate, lead titanate, lead metaniobate, polyvinylidene fluo 
ride, Zinc lead niobate, Scandium lead niobate, or various 
other materials. 

0119) These piezoelectric elements 42 and 44 are joined 
to either side of the reinforcing plate 43. The reinforcing 
plate 43 has a function for reinforcing the entire vibrating 
member 4, and it prevents the vibrating member 4 from 
being damaged by excessive amplitude, external forces, or 
the like. The structural material of the reinforcing plate 43 is 
not particularly limited as long as it is elastic (elastically 
deformable), but is preferably, for example, stainless steel, 
aluminum or an aluminum alloy, titanium or a titanium alloy, 
copper or a copper alloy, or other such various metal 
materials. 

0120) The reinforcing plate 43 is preferably less in thick 
ness (thinner) than the piezoelectric elements 42 and 44. The 
vibrating member 4 can thereby be highly efficiently 
vibrated. 

0121 The reinforcing plate 43 has a function as a com 
mon electrode for the piezoelectric elements 42 and 44. 
Specifically, AC voltage is applied to the piezoelectric 
element 42 by the electrode 41 and the reinforcing plate 43, 
and AC voltage is applied to the piezoelectric element 44 by 
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the electrode 45 and the reinforcing plate 43. Specifically, as 
shown in FIG. 2, the vibrating member 4 is connected to a 
drive control circuit 9 to be described later, and AC voltage 
is applied by means of the drive control circuit 9 as a result. 
0.122 The piezoelectric elements 42 and 44 elongate 
repeatedly in the longitudinal direction when AC voltage is 
applied; accordingly, the reinforcing plate 43 also elongates 
repeatedly in the longitudinal direction. Specifically, when 
AC voltage is applied to the piezoelectric elements 42 and 
44, the vibrating member 4 vibrates (longitudinal vibration) 
minutely in the longitudinal direction as shown by the arrow 
in FIG. 4, and a convexity 46 vibrates longitudinally (two 
way movement). 
0123 The convexity (contact part) 46 is formed inte 
grally with the right end of the reinforcing plate 43 in FIG. 
4. This convexity 46 is provided at a location displaced from 
the widthwise center (centerline 49) of the reinforcing plate 
43 (the corner in the depicted configuration). The convexity 
46 is formed so as to protrude in the shape of a substantial 
half circle in the depicted configuration. 
0.124. An arm 48 having elasticity (flexibility) is formed 
integrally on the reinforcing plate 43. The arm 48 is provided 
So as to protrude in a direction Substantially orthogonal to 
the longitudinal direction from the Substantial longitudinal 
center of the reinforcing plate 43. A hole 481 through which 
a bolt 12 is inserted is formed in the arm 48. 

0.125 Such a vibrating member 4 is disposed so as to 
come into contact with (touch) the outer peripheral Surface 
331 of the driven member 33 at the convexity 46, as shown 
in FIGS. 2 and 5. Specifically, in the present embodiment, 
the vibrating member 4 is disposed to come into contact with 
the driven member 33 from the radial outer peripheral side 
of the driven member 33. 

0.126 The outer peripheral surface 331 is smooth in the 
depicted configuration, but a cross groove may be formed in 
the entire periphery, and the convexity 46 may come into 
contact with the inside of this groove. 
0127. As shown in FIGS. 2 and 5, a screw hole is formed 
in the vibrating member mounting unit 23 that protrudes 
downward from the base plate 21 of the lower side base part 
2, and the vibrating member 4 is fixed in place to the 
vibrating member mounting unit 23 by the bolt 12 inserted 
through the hole 481 of the arm 48. 
0128. The vibrating member 4 is thus supported by the 
arm 48. The vibrating member 4 can thereby vibrate freely, 
and vibrates at comparatively large amplitude. Also, the 
vibrating member 4 is disposed in a state in which the 
convexity 46 is pressed against the outer peripheral Surface 
331 due to the elasticity of the arm 48. 
0129. Also, the vibrating member 4 is disposed in an 
orientation Substantially orthogonal to the rotational center 
line 36 (an orientation substantially parallel to the rotary 
wings 34). The space occupied by the vibrating member 4 
thereby decreases vertically. 
0.130. When AC voltage is applied to the piezoelectric 
elements 42 and 44 to vibrate the vibrating member 4 in a 
state in which the convexity 46 is pressed against the outer 
peripheral surface 331 of the driven member 33, the driven 
member 33 receives the frictional force (press force) from 
the convexity 46 when the vibrating member 4 elongates. 
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0131 Specifically, as shown in FIG. 5, a large frictional 
force is applied between the convexity 46 and the outer 
peripheral surface 331 by the diametral component S1 of 
vibration displacement S of the convexity 46 (displacement 
of the driven member 33 in the diametral direction), and the 
clockwise rotational force in FIG. 5 is applied to the driven 
member 33 by the peripheral component S2 of vibration 
displacement S (displacement of the driven member 33 in 
the circumferential direction). 
0132) When the vibrating member 4 vibrates, this force 
repeatedly acts on the driven member 33, and the driven 
member 33 rotates clockwise in FIG. 5. The rotor 3 thereby 
rotates clockwise in FIG. 5 (as seen from the lower side in 
FIG. 2). 
0133. The vibrating member 4 for rotatably driving the 
rotor 5 is similar to the vibrating member 4 for rotatably 
driving the rotor 3, and descriptions thereof are therefore 
omitted, but this vibrating member 4 is similarly provided so 
as to come into contact with the outer peripheral surface 531 
of the driven member 53 at the convexity 46. 
0134) The rotor 5 rotates in the opposite direction from 
the rotor 3; specifically, counterclockwise as seen in a plane 
(not shown) (as seen from the lower side in FIG. 2), due to 
the driving of the vibrating member 4. 
0135) When the rotor 3 rotates clockwise in FIG. 5, lift 
acts on the rotary wings 34, and when the rotor 5 rotates in 
the opposite direction from the rotor 3, lift acts on the rotary 
wings 54, and the miniature aircraft 1 rises into the air (flies) 
as a result of this lift. 

0136. A rotational frequency detection device for detect 
ing the rotational frequency (rotational speed) of the rotor 3 
is preferably provided in the vicinity of the rotor 3, and a 
rotational frequency detection device for detecting the rota 
tional frequency (rotational speed) of the rotor 5 is prefer 
ably provided in the vicinity of the rotor 5. 
0137 Thus, the vibrating member 4 has a simple struc 
ture, and is Small (particularly thin) and lightweight. Also, 
the drive force is strong because the driven members 33 and 
53 are driven by the above-described frictional force (press 
force), unlike when they are driven by magnetic force as 
with a normal electromagnetic motor. 
0138 Also, as shown in FIG. 2, cables 471 and 472 are 
connected (electrically connected) to the vibrating member 
4 with this configuration. The cable 471 is connected to the 
piezoelectric element 44, and the cable 472 is connected to 
the piezoelectric element 42. As previously described, the 
vibrating member 4 is connected to the drive control circuit 
9 via the cables 471 and 472, and AC voltage is applied from 
the drive control circuit 9. The cables 471 and 472 have 
substantially identical functions, and therefore the cable 471 
is described as a typical example. 
0.139. A hollow part (hollow) 221 is formed in the center 
axle 22 along the longitudinal direction. Also, a hole 222 
communicated with the hollow part 221 is formed in the 
outer periphery of the center axle 22. 
0140 Also, a hole 212 running vertically through the 
base plate 21 is formed in the base plate 21 near the center 
axle 22. 

0141 As shown in FIG. 2, the cable 471 passes through 
(runs through) the hole 212 in the base plate 21, the hole 222 
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in the center axle 22, and the hollow part 221 in order from 
the location where it connects with the vibrating member 4 
(the piezoelectric element 44), and reaches the drive control 
circuit 9. 

0142. As a result of such wiring (cabling), the cable 471 
can be easily positioned. Also, the cable 471 can thereby be 
prevented from being exposed or Suppressed in its ability to 
be exposed, whereby the cable 471 can be prevented from 
winding around the center axle 22 or the rotary wings 34, for 
example. 

0.143 Also, the path of the cable 471 from the vibrating 
member 4 to the drive control circuit 9 can be shortened, 
whereby the length of the cable 471 can be reduced (con 
trolled). 

0144. The miniature aircraft 1 of the present invention is 
extremely advantageous for miniaturization because the 
vibrating member 4 is used to rotatably drive the rotors 3 and 
5. It is also advantageous for weight reduction, and the 
miniature aircraft 1 can lift a greater payload (load). Manu 
facturing costs can also be reduced. 

0145 Also, in the present embodiment, as previously 
described, the driven member 33 is joined to the cylindrical 
member 31, and the driven member 33 is integrated with the 
rotor 3. Specifically, the vibrating member 4 directly drives 
the rotor 3 in a rotational manner, and no drive transmission 
mechanism or speed reduction mechanism is provided (nec 
essary). The vibrating member 4 in the vicinity of the rotor 
5 is similarly directly driven in a rotatable manner, and no 
drive transmission mechanism or speed reduction mecha 
nism is provided (necessary). The miniature aircraft 1 
thereby has a particularly simple structure, is lightweight, 
and is particularly advantageous in miniaturization and 
weight reduction (ensuring payload). 

0146). As previously described, since the vibrating mem 
bers 4 have a strong drive force, they can rotate the rotors 3 
and 5 with sufficient torque without a speed reduction 
mechanism (deceleration mechanism) as in the present 
embodiment. 

0147 Also, in the present embodiment, since the in-plane 
vibration of the vibrating members 4 is converted directly to 
the rotation (in-plane rotation) of the rotors 3 and 5, the 
energy loss associated with this conversion is Small, and the 
rotors 3 and 5 can be rotatably driven with high efficiency. 

0.148 Also, in the present embodiment, the direction of 
the frictional force (press force) exerted by the convexity 46 
on the driven member 33 is substantially orthogonal to the 
rotational centerline 36, and the rotor 3 thereby rotates more 
smoothly and reliably without any force acting to tilt the 
rotor 3. Similarly, the rotor 5 also rotates more smoothly and 
reliably. 

0.149 Unlike the depicted configuration, the vibrating 
member 4 for rotatably driving the rotor 3 may also be 
disposed so as to come into contact with the upper Surface 
or lower surface of the driven member 33 from a direction 
parallel to the rotational centerline 36, and the vibrating 
member 4 for rotatably driving the rotor 5 may be disposed 
So as to come into contact with the upper Surface or lower 
surface of the driven member 53 from a direction parallel to 
the rotational centerline 36. 
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0150. Also, since the two lift forces of the rotor 3 and 
rotor 5 are created, a strong lift is obtained. 
0151. As a result of the rotor 3 and the rotor 5 rotating in 
opposite directions, the reactive force borne by the miniature 
aircraft 1 (the base parts 2) is balanced out, and the miniature 
aircraft 1 can be prevented from rotating around the rota 
tional centerline 36. 

0152 Particularly, since the vibrating member 4 for the 
rotor 3 and the vibrating member 4 for the rotor 5 are 
provided separately, the rotational frequency (rotational 
speed) of the rotor 3 and the rotational frequency (rotational 
speed) of the rotor 5 can be adjusted (controlled) separately, 
whereby the miniature aircraft 1 (base parts 2) can be more 
reliably prevented from rotating around the rotational cen 
terline 36, and the rotation (orientation) of the miniature 
aircraft 1 around the rotational centerline 36 can be con 
trolled. 

0153. Also, as a result of the rotor 3 and the rotor 5 being 
provided coaxially, providing two rotors does not induce an 
increase is size or weight, and the effects described above 
can still be achieved. Specifically, this is advantageous in 
miniaturization and weight reduction. 
0154) In the depicted configuration, the rotor 3 and the 
rotor 5 have the same diameter, number of wings (two), 
shape of the wings, and other Such conditions, but these 
conditions may be different. 
0155 The frequency of the AC voltage applied to the 
piezoelectric elements 42 and 44 is not particularly limited, 
but is preferably substantially equal to the resonance fre 
quency of the vibration of the vibrating members 4 (for 
example, longitudinal vibration). The amplitude of the 
vibrating members 4 thereby increases, and the rotors 3 and 
5 can be driven with high efficiency. 
0156. As previously described, the vibrating members 4 
primarily vibrate in the longitudinal direction, but it is more 
preferable to simultaneously induce longitudinal vibration 
and bending vibration, and to cause the convexity 46 to 
move in an elliptical pattern (elliptical vibration). The rotors 
3 and 5 can thereby be rotatably driven more effectively. 
Regarding these points, the vibrating member 4 for rotatably 
driving the rotor 3 will now be described as a typical 
example. 
0157. When the vibrating member 4 rotatably drives the 
driven member 33, the convexity 46 receives the reactive 
force from the driven member 33. In the present embodi 
ment, since the convexity 46 is provided at a location 
displaced from the centerline 49 of the vibrating member 4, 
the vibrating member 4 deforms and vibrates (bending 
vibration) as a result of this reactive force so as to bend in 
the in-plane direction as shown by the single dashed line in 
FIG. 5. In FIG. 5, the deformation of the vibrating member 
4 is shown in an exaggerated manner. 
0158 Also, the frequency of the applied voltage, the 
shape and size of the vibrating members 4, the position of 
the convexity 46, and other such factors can be appropriately 
selected, whereby complex vibration consisting of the lon 
gitudinal vibration and bending vibration of the vibrating 
members 4 can be induced. For example, the amplitude 
increases while the convexity 46 is displaced in a Substan 
tially elliptical pattern (elliptical vibration), as shown by the 
single dashed line in FIG. 6. 
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0159. Thereby, during one vibration of the vibrating 
member 4, the convexity 46 is strongly pressed on by the 
driven member 33 when the convexity 46 sends the driven 
member 33 in the rotation direction, and the frictional force 
with the driven member 33 can be reduced or eliminated 
when the convexity 46 returns. Therefore, the vibration of 
the vibrating member 4 can be converted to the rotation of 
the rotor 3 with greater efficiency. 
0.160 In the present embodiment, the rotor 3 is rotatably 
driven directly by the vibrating member 4, but the present 
invention also allows the vibrating member 4 to drive the 
rotor 3 intermittently. Specifically, the driven member 33 
may be provided separately from the rotor 3, and the 
rotational force of the driven member 33 may be transmitted 
to the rotor 3 by a rotational force transmitting mechanism. 
Similarly, in the present embodiment, the rotor 5 is rotatably 
driven directly by the vibrating member 4, but the present 
invention also allows the vibrating member 4 to drive the 
rotor 5 intermittently. Specifically, the driven member 53 
may be provided separately from the rotor 5, and the 
rotational force of the driven member 53 may be transmitted 
to the rotor 5 by a rotational force transmitting mechanism. 
In these cases, a winding transmission mechanism, or any 
other mechanism that uses a gear train (gear transmission 
mechanism), pulley, belt, chain, or the like may be used as 
the rotational force transmission mechanism. 

0.161 Also in the present embodiment, one vibrating 
member 4 for rotatably driving the rotor 3 is provided, but 
the present invention also allows a plurality of these vibrat 
ing members 4 to be provided, and the driven member 33 to 
be rotatably driven by this plurality of vibrating members 4. 
Similarly, in the present embodiment, one vibrating member 
4 for rotatably driving the rotor 5 is provided, but the present 
invention also allows a plurality of these vibrating members 
4 to be provided, and the driven member 53 to be rotatably 
driven by this plurality of vibrating members 4. 
0162. As shown in FIGS. 1 and 3, the orientation stabi 
lizer 19 has a stabilizer bar (rectangular mass) 191, a 
stabilizer joint (linking unit) 193 for linking the stabilizer 
bar 191 with the fixing part 522 provided with the rotary 
wings 54, and a support unit 194. 
0163 Spindles 192 are provided at both ends of the 
Stabilizer bar 191. This stabilizer bar 191 has a moment of 
inertia in the rotational axial direction of the rotor 5 (Z-axis 
direction) that is greater than that of the rotor 5. 
0164. The support unit 194 is disposed at the distal end 
(the end on the upper side) of the center axle 22 and allowed 
to rotate around the center axle 22. Specifically, the support 
unit 194 is disposed above the rotor 5. 
0.165 Also, the stabilizer bar 191 disposed on the support 
unit 194 and allowed to rotate (oscillate) at a specific angle 
around an axle 195, which is substantially orthogonal to the 
rotational centerline (rotational center axis) 36 of the rotor 5. 
Also, the stabilizer bar 191 is disposed in a state of sub 
stantial equilibrium (balance). 
0166 The stabilizer bar 191 can thereby rotate substan 

tially coaxially with the rotor 5, and can rotate at a specific 
angle around the axle 195 that is substantially orthogonal to 
the rotational centerline 36. 

0.167 When the rotor 5 (a group of rotary wings 54) 
rotates, the stabilizer bar 191 is pulled by the rotor 5 via the 
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stabilizer joint 193, and is caused to rotate with the rotor 5 
(synchronously with the rotor 5). Specifically, the stabilizer 
bar 191 and the rotor 5 rotate in the same direction, with the 
axle 195 and axle 541 held at a constant angle. 
0168 Also, when the stabilizer bar 191 rotates around the 
axle 195, the fixing part 522 and the rotary wings 54 are 
pulled by the stabilizer bar 191 via the stabilizer joint 193, 
and rotate around the axle 541. 

0169. When the airborne miniature aircraft 1 undergoes a 
rapid or Sudden (unexpected) disruption (change) in its 
airborne orientation, the disruption in airborne orientation is 
compensated for by the orientation stabilizer 19, whereby 
the airborne orientation of the miniature aircraft 1 can be 
stabilized. 

0170 For example, when the miniature aircraft 1 rapidly 
tilts in midair while rising in an airborne orientation in which 
the direction of the rotational centerline 36 is vertical, the 
stabilizer bar 191 struggles to maintain its horizontal posi 
tion, and therefore rotates around the axle 195, and the fixing 
part 522 and the two rotary wings 54 also rotate around the 
axle 541 at the same time. The pitch of the rotary wings 54 
thereby varies so that a difference in the airflow (air currents) 
in the rotary wings 54 is created to return the direction of the 
rotational centerline 36 to the vertical direction. The air 
borne orientation of the miniature aircraft 1 thereby returns 
to the original airborne orientation. 
0171 When the airborne orientation of the miniature 
aircraft 1 is varied by the orientation varying device (ori 
entation changer) 16 described later, the center of gravity of 
the miniature aircraft 1 moves relatively slowly and the 
airborne orientation is varied. Therefore, the stabilizer bar 
191 does not substantially rotate around the axle 195, and 
the orientation stabilizer 19 does not operate. The airborne 
orientation of the miniature aircraft 1 can thereby be reliably 
varied. 

0172. As shown in FIG. 1, the grounding device 6 
includes a plate-shaped fixed part (connector) 60 that is fixed 
to the center axle 22, and four rod-shaped legs (grounding 
legs) 61 that have elasticity (spring properties). 
0173 The fixed part (connector) 60 is configured from a 
plate-shaped object. The fixed part 60 is provided to be 
substantially orthogonal to the center axle 22 in the refer 
ence orientation. 

0174 Also, the fixed part 60 is at a region (center axle 22) 
farther vertically above than the center of gravity (center of 
gravity of the miniature aircraft 1) in the reference orienta 
tion, and farther vertically above than the orientation vary 
ing device (orientation changer) 16 (X-axis direction move 
ment device 16x, y-axis direction movement device 16v). 
0175. The legs 61 extend downward (vertically down 
ward) at an incline in the orthogonal direction from the fixed 
part (connector) 60 in the reference orientation shown in 
FIG. 1, and expand downward in the orthogonal direction. 
Also, the legs 61 are disposed at equal intervals (equally 
angled intervals) centered on the fixed part 60 (center axle 
22). The distal ends (lower side ends) 62 of the legs 61 are 
wider than the sections of the legs 61 at the upper side, and 
the distal ends 621 are rounded (curved). 
0176) The aircraft can touchdown in a stable manner on 
the ground (floor) by the grounding device 6, and landing 
can be performed easily and reliably. 
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0.177 Particularly, during landing, the impact of landing 
can be absorbed by the elasticity of the legs 61, and the 
aircraft can be prevented from overturning because the 
orientation of the miniature aircraft 1 is corrected by the 
spring force of the first grounded leg 61 if the miniature 
aircraft 1 lands at a tilted position. 
0.178 Next, the orientation varying device 16 will be 
described. 

0179 The orientation varying device 16 shown in FIGS. 
1 and 7 varies (regulates) the orientation of the miniature 
aircraft 1 by moving the center of gravity, whereby the 
rotational centerlines (rotational center axes) 36 of the rotors 
3 and 5 are tilted at specific angles in specific directions in 
relation to a vertical line (vertical direction: direction of 
gravity) (the tilt is controlled). 
0180. As shown in FIG. 1, the orientation varying device 
16 is disposed below the rotary wings 34. Specifically, the 
orientation varying device 16 is disposed (fixed) at the lower 
end of the center axle 22. 

0181. The orientation varying device 16 in the present 
embodiment has a spindle element (spindle (main body 
unit)) 14, a linear actuator (first linear actuator) 16, which 
is a y-axis direction movement device (y-axis direction 
displacement device) for moving the spindle element 14 in 
the direction of the y-axis, and a linear actuator (second 
linear actuator) 16.x, which is an X-axis direction movement 
device (X-axis direction displacement device) for moving 
(displacing) the linear actuator (y-axis direction movement 
device) 16v and the spindle element 14 in the direction of the 
X-ax1S. 

0182. A movement device (displacement device (dis 
placement mechanism)) for moving (displacing) the spindle 
element 14 in relation to the miniature aircraft 1 is config 
ured from the linear actuators 16x and 16: 
0183 As shown in FIG. 7, the linear actuator 16.x and the 
linear actuator 16v are connected to each other via one pin 
(connecting member) 186 in a state in which the sliders 181 
described later face each other. 

0.184 The pin 186 is configured from a pillar-shaped pin 
main body 186a, and flanges 186b formed at both ends. The 
flanges 186b are provided with holes 186c. 
0185. The linear actuator 16v and the sliders 181 are 
linked via bolts (not shown) so that the holes 186c of the 
flanges 186b coincide with the holes 185 of the sliders 181 
of the linear actuator 16 (see FIG. 8). Also, the linear 
actuator 16.x and the sliders 181 are linked via bolts (not 
shown) so that the holes 186c of the flanges 186b coincide 
with the holes 185 of the sliders 181 of the linear actuator 
16x (see FIG. 8). As a result of such a configuration, the 
sliders 181 are linked to each other. 

0186 Also, the linear actuator 16.x and the linear actuator 
16y are connected so that the directions in which the sliders 
181 move are perpendicular to each other, specifically, so 
that the slider 181 of the linear actuator 16x moves in the 
direction of the X-axis, and the slider 181 of the linear 
actuator 16v moves in the direction of the y-axis. 
0187. Also, in the orientation varying device 16, the 
linear actuator 16x is disposed at the top and the linear 
actuator 16v is disposed at the bottom, and the upper side of 
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the linear actuator 16xat the middle of the base 161 
described later is connected with the lower end of the center 
axle 22, as shown in FIG. 1. The spindle element 14 is then 
connected to the lower side of the linear actuator 16v at the 
middle of the base 161 described later. 

0188 Next, the linear actuator 16v will be described as a 
typical example of the linear actuator 16v and the linear 
actuator 16x. 

0189 As shown in FIGS. 8through 10, the linear actuator 
16v has a plate-shaped base 161, a plate-shaped base stand 
171, a plate-shaped slider 181, and a vibrating member 
(drive source) 4. The base 161, base stand 171, slider 181, 
and vibrating member 4 are disposed so as to be substan 
tially parallel to each other (including when they partially 
overlap in the plane direction). 

0190. The base stand 171 is disposed in the middle of the 
base 161 and allowed to move to the left and right in FIG. 
10 in relation to the base 161. In this case, a pair of guide 
pins 162 is placed in the middle of the base 161 along the 
horizontal direction in FIG. 10, and a pair of long holes 172 
extending to the left and right in FIG. 10 is formed in the 
base stand 171 along the horizontal direction in FIG. 10. The 
guide pins 162 are inserted through the corresponding long 
holes 172. The base stand 171 can thereby be guided by the 
guide pins 162 to move to the left and right in FIG. 10 along 
the long holes 172. 
0191). The vibrating member 4 for rotatably driving a 
rotor 164 (driven member 165) described later is mounted 
on the base stand 171. The vibrating member 4 has a 
convexity (contact part) 46 and a pair of arms 48, and is 
fixed in place on the base stand 171 by bolts 175 inserted 
through holes 481 formed in the arms 48, so that the 
convexity 46 faces to the right in FIG. 10. The vibrating 
member 4 can thereby be supported on the arms 48 so as to 
allow vibration. 

0192 Also, a pair of spring stopping pins 168 is placed 
at the ends of the base 161 at the upper side in FIGS. 8 and 
9. A pair of spring holders 173 is also formed in the base 
stand 171. One of the spring holders 173 is provided to the 
left side of the base stand 171 in FIG.9, and the other spring 
holder 173 is provided to the right side of the base stand 171 
in FIG. 9. 

0193 The corresponding spring stopping pins 168 and 
spring holders 173 are all disposed in a state in which coil 
springs 174 (urging devices) are extended (are in an 
extended state). Specifically, the coil springs 174 are held 
(fixed) at one end by the spring holders 173 of the base stand 
171, and the other ends are mounted (fixed) on the spring 
stopping pins 168 of the base 161. 

0194 The base 161 is urged toward the upper side in 
FIGS. 8 and 9 by the elastic force (recoil force) of the coil 
springs 174, and the convexity 46 of the vibrating member 
4 is pressed on while in contact with the outer peripheral 
Surface 1651 of the driven member 165 to be described later. 

0.195 Also, a rotor 164 is rotatably mounted on the end 
of the base 161 at the upper side in FIGS. 8 and 9, and in the 
horizontal middle in FIG. 9. 

0196. The rotor 164 has a cylindrical part 166 in a 
substantially cylindrical shape, a driven member 165 joined 
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(fixed) to the outer side (outer periphery) of the cylindrical 
part 166, and circular plate parts 1691 and 1692 in the shape 
of circular plates. 
0197) The driven member 165 has a substantial ring 
shape (annular shape) and is disposed at a location corre 
sponding to the vibrating member 4 (proximal end side). 
0198 As shown in FIG. 10, the circular plate part 1691 
is fixed in place at the top of the cylindrical part 166. The 
circular plate part 1691 gradually decreases in diameter near 
the bottom. Specifically, the lateral surface of the circular 
plate part 1691 is tapered. 
0199 The circular plate part 1692 is fixed at the middle 
of the cylindrical part 166. The circular plate part 1692 
gradually decreases in diameter at the top. Specifically, the 
top lateral surface of the circular plate part 1692 is tapered. 
0200) A pinion gear 167 is formed in the outer peripheral 
surface of the rotor 164 (cylindrical part 166) on the distal 
end side. The driven member 165 and the pinion gear 167 
thereby rotate integrally when the rotor 164 rotates. 
0201 The diameter (external diameter) of the area (the 
gear as a rotating member) on which the pinion gear 167 of 
the rotor 164 is formed is set to be less than the diameter 
(external diameter) of the driven member 165, whereby a 
deceleration mechanism is configured. 
0202 The moving speed of the slider 181 can be arbi 
trarily adjusted (varied) by adjusting (varying) the ratio 
between the diameter of the area (the gear as a rotating 
member) of the rotor 164 where the pinion gear 167 is 
formed, and the diameter of the driven member 165. 
0203 Two rotors 163 having grooves 1631 are rotatably 
mounted at the ends (corners) of the base 161 at the lower 
side in FIGS. 9 and 10. In the grooves 1631, the (vertical) 
sidewalls that face each other are tapered in the same manner 
as the lateral surfaces of the circular plate part 1691 (circular 
plate part 1692). 
0204 The slider 181 is disposed in the grooves 1631 of 
these rotors 163, is held between the rotors 163 and the rotor 
164, and is mounted to be capable of moving to the left and 
right in FIG. 9 in relation to the base 161. Specifically, the 
slider 181 is controlled so that it is moved to the left and 
right in FIG. 9 and kept in the constant orientation by the 
rotors 163 and the rotor 164. 

0205 As shown in FIGS. 8 and 9, the slider 181 is 
configured from a plate-shaped object in the shape of a 
horizontal “H.” The slider 181 has a first slider part 187, a 
second slider part 188, and a linking part 189 for linking the 
first slider part 187 and the second slider part 188. 
0206. Also, a rack gear 183 that meshes with the pinion 
gear 167 provided to the rotor 164 is formed on the distal 
surface of the outer side of the first slider part 187 of the 
slider 181, along the moving direction of the slider 181. The 
rotational movement of the rotor 164 is converted to the 
linear movement of the slider 181 by the rack gear 183 and 
the pinion gear 167. Therefore, a rotation/movement con 
version mechanism is configured from the rack gear 183 and 
the pinion gear 167. 

0207. The vertical position (in the direction of the Z-axis) 
of the rack gear 183 (first slider part 187) is controlled in 
order for the rack gear 183 to fit in between the tapered side 
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of the above-described circular plate part 1691 and the 
tapered side of the circular plate part 1692. The rack gear 
183 can thereby be prevented from separating from the 
pinion gear 167. 

0208 Also, the meshing depth of the rack gear 183 and 
the pinion gear 167 can be controlled (managed) by appro 
priately setting the taper angle. 

0209 The end surface of the outer side of the second 
slider part 188 of the slider 181 is inclined so as to run along 
the tapered sides of the previously described grooves 1631. 
The vertical position (in the direction of the Z-axis) of the 
second slider part 188 can thereby be controlled, and the 
second slider part 188 can be prevented from separating 
from the rotors 163. 

0210 Also, protrusions 184 (stoppers) are formed at both 
ends of the second slider part 188 of the slider 181. The 
range of movement of the slider 181 is restricted (movement 
past a specific position is prevented) by these protrusions 
184, and the slider 181 is inhibited in its ability to separate 
(is prevented from separating). 

0211 Also, two holes 185 corresponding to the holes 
186c of the pin 186 are formed in the linking part 189 of the 
slider 181. 

0212. The width of the slider 181 (the length in the 
vertical direction in FIG.9) is preferably set to be compara 
tively large. Deformations in the base 161 (base surface) and 
the slider 181 (slider surface) can thereby be reduced. 

0213 When the vibrating member 4 in the linear actuator 
16' vibrates according to a specific pattern, rotational force 
(drive force) in a specific direction is repeatedly exerted on 
(applied to) the driven member 165 from the convexity 46 
(via the convexity 46) as a result of this vibration, and the 
rotor 164 rotates in a specific direction. The rotational 
movement of the rotor 164 is converted to linear movement 
of the slider 181 by the pinion gear 167 provided to the rotor 
164 and the rack gear 183 provided to the slider 181, and the 
slider 181 is guided by the rotors 163 to move in a specific 
direction (for example, forward in the direction of the 
y-axis). Specifically, the base 161 and the spindle element 14 
move integrally relative to the slider 181. 

0214) When the vibrating member 4 is excited so that 
vibration is reversed, rotational force in an opposite direc 
tion from the previous direction is repeatedly exerted on the 
driven member 165 from the convexity 46, and the rotor 164 
rotates in the opposite direction from the previous direction. 
The rotational movement of the rotor 164 is converted to 
linear movement of the slider 181 by the pinion gear 167 
provided to the rotor 164 and the rack gear 183 provided to 
the slider 181, and the slider 181 is guided by the rotors 163 
to move in the opposite direction from the previous direction 
(for example, backward in the direction of the y-axis). 
Specifically, the base 161 and the spindle element 14 move 
integrally relative to the slider 181. 

0215. With the linear actuator 16, miniaturization (par 
ticularly, thinning) and size reduction can be ensured in a 
simple structure, and a strong drive force can be obtained at 
low speeds. 

0216) The spindle element 14, that is, the center of 
gravity, can thereby be moved easily and reliably at low 

Jan. 18, 2007 

speeds, whereby the orientation of the miniature aircraft 1 
can be varied accurately and reliably, and the aircraft can fly 
in a stable manner. 

0217. Also, since the slider 181 and the vibrating member 
4 can be disposed in an overlapping manner, the total Surface 
area of the linear actuator 16v can be reduced, which is 
advantageous for miniaturization. 
0218 For example, when the linear actuator is one in 
which the contact part of the vibrating member comes into 
contact with the slider, and the slider is moved directly, the 
force by which the vibrating member presses against the 
slider constitutes resistance when the slider moves. With the 
linear actuator 16, however, the load from the vibrating 
member 4 acting on the slider 181 can be removed, so the 
driving of the linear actuator 16v can be stabilized and the 
aircraft can be flown in a more stable manner. 

0219. When a linear actuator designed to directly move 
the slider is used, the slider is configured from metal in order 
to reduce the friction of the slider against the contact part of 
the vibrating member, which is disadvantageous for reduc 
ing the weight of the linear actuator 16, but since the 
vibrating member 4 does not directly drive the slider 181 
with this linear actuator 16, the slider 181 can be configured 
from a resin or another such lightweight material, and the 
linear actuator 16v can thereby be made more lightweight, 
that is, the miniature aircraft 1 can be made more light 
weight. 

0220. The linear actuator 16x is similar to the linear 
actuator 16, and therefore descriptions thereof are omitted. 
0221) In the present invention, one of either the linear 
actuator 16v or the linear actuator 16xmay be omitted. 
0222. In the vibrating member 4 of the orientation vary 
ing device 16, in-plane longitudinal or bending vibration can 
be arbitrarily selected by dividing the electrodes into a 
plurality of groups, selectively applying a voltage to the 
groups of electrodes, and partially driving the piezoelectric 
element. Specifically, the configuration is designed so that 
the direction of the vibration (vibration displacement) of the 
convexity 46 of the vibrating member 4 is changed by 
varying the state of conduction to the vibrating member 4 
(the vibration pattern of the vibrating member 4), whereby 
the driven member 165 can be rotated either clockwise or 
counterclockwise in FIG. 9 (in the forward or reverse 
direction). The vibrating member 4 is described below. The 
description focuses on the differences with the vibrating 
members 4 for rotatably driving the rotors 3 and 5, and 
descriptions of similar aspects are omitted. 
0223) As shown in FIG. 12, the vibrating member 4 has 
a layered structure with a piezoelectric element 42 on the 
upper side of the reinforcing plate 43 in FIG. 12, and a 
piezoelectric element 44 on the lower side, similar to the 
vibrating members 4 for rotatably driving the rotors 3 and 5. 
but this vibrating member differs from the vibrating mem 
bers 4 for rotatably driving the rotors 3 and 5 in that four 
plate-shaped electrodes 41a, 41b, 41c, and 41d are placed on 
the upper side of the piezoelectric element 42 in FIG. 12, and 
four plate-shaped electrodes 45a, 45b, 45c., and 45d (the 
electrodes 45a, 45b, 45c., and 45d are not shown, but only 
the reference symbols are indicated in parentheses) are 
placed on the lower side of the piezoelectric element 44 in 
FIG. 12. Specifically, the piezoelectric element 42 is divided 
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(segmented) into four Substantially equal rectangular 
regions, with the rectangular electrodes 41a, 41b, 41c, and 
41d placed in the divided regions, and, similarly, the piezo 
electric element 44 is divided (segmented) into four sub 
stantially equal rectangular regions, with the rectangular 
electrodes 45a, 45b, 45c., and 45d placed in the divided 
regions. The electrodes 45a, 45b, 45c., and 45d are disposed 
on the reverse sides of the electrodes 41a, 41b, 41c, and 41d. 
respectively. 

0224. The electrodes 41a and 41c at the opposite ends of 
one diagonal, and the electrodes 45a and 45c disposed on the 
reverse sides thereof, are all electrically connected and are 
designed to be simultaneously conductive. Similarly, the 
electrodes 41b and 41d at the opposite ends of the other 
diagonal, and the electrodes 45b and 45d disposed on the 
reverse sides thereof, are all electrically connected (herein 
after similarly referred to as “connected') and are designed 
to be simultaneously conductive. 
0225. The reinforcing plate 43 is earthed (grounded), and 

is configured so that the electrodes 41a, 41c, 45a, and 45c. 
and the electrodes 41b, 41d, 45b, and 45d to be charged are 
switched with a switch (not shown), and AC voltage is 
applied to either of the sets. Specifically, as shown in FIG. 
15, the vibrating member 4 is connected to a drive control 
circuit 9, described later, which has the aforementioned 
switch (not shown), the electrodes to be charged are selected 
(switched) by this drive control circuit 9, and alternating 
current is applied. 
0226. The convexity 46 is provided to the widthwise 
middle of the reinforcing plate 43 (middle of the narrow 
side) on the right end of FIG. 12 (the narrow side). 
0227. Also, a pair of (two) arms 48 having elasticity 
(flexibility) is formed integrally in the reinforcing plate 43. 
The pair of arms 48 is provided near the longitudinal (the 
horizontal direction in FIG. 12) middle of the reinforcing 
plate 43 so as to protrude in directions Substantially orthogo 
nal to the longitudinal direction, and in opposite directions 
from each other (vertically symmetrical in FIG. 12) via the 
reinforcing plate (vibrating member 4). 

0228. When the electrodes 41a, 41c, 45a, and 45c of the 
vibrating member 4 are charged, and AC voltage is applied 
between the reinforcing plate 43 and the electrodes 41a, 41c, 
45a, and 45c., the sections of the vibrating member 4 
corresponding to the electrodes 41a, 41c, 45a, and 45c 
repeatedly expand and contract in the direction of the arrow 
a as shown in FIG. 13, whereby the convexity 46 of the 
vibrating member 4 either vibrates in an inclined direction 
shown by the arrow b (two-way movement), or vibrates in 
an elliptical patter as shown by the arrow c (elliptical 
movement). The driven member 165 receives the frictional 
force (press force) from the convexity 46 during expansion 
of the sections of the vibrating member 4 that correspond to 
the electrodes 41a, 41c, 45a, and 45c. 

0229 Specifically, a large frictional force is applied 
between the convexity 46 and the outer peripheral surface 
1651 by the diametral component S1 of the vibration phase 
S of the convexity 46 (the diametral displacement of the 
driven member 165), and the counterclockwise rotational 
force in FIG. 13 is applied to the driven member 165 by the 
peripheral component S2 of the vibration phase S (circum 
ferential displacement of the driven member 165). 
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0230. When the vibrating member 4 vibrates, this force 
repeatedly acts on the driven member 165, and the driven 
member 165 rotates counterclockwise in FIG. 13. The rotor 
164 thereby rotates counterclockwise in FIG. 13. 
0231 Conversely, when the electrodes 41b, 41d, 45b, and 
45d of the vibrating member 4 are charged, and AC voltage 
is applied between the reinforcing plate 43 and the elec 
trodes 41b, 41d, 45b, and 45d, the portions of the vibrating 
member 4 corresponding to the electrodes 41b, 41d, 45b, 
and 45d all repeatedly expand and contract in the direction 
of the arrow a, whereby the convexity 46 of the vibrating 
member 4 either vibrates in an inclined direction shown by 
the arrow b (two-way movement), or vibrates in an elliptical 
patter as shown by the arrow c (elliptical movement). The 
driven member 165 receives the frictional force (press force) 
from the convexity 46 during expansion of the sections of 
the vibrating member 4 that correspond to the electrodes 
41b, 41d, 45b, and 45d. 
0232 Specifically, a large frictional force is applied 
between the convexity 46 and the outer peripheral surface 
1651 by the diametral component S1 of the vibration phase 
S of the convexity 46 (the diametral displacement of the 
driven member 165), and clockwise rotational force in FIG. 
14 is applied to the driven member 165 by the peripheral 
component S2 of the vibration phase S (circumferential 
displacement of the driven member 165). 
0233. When the vibrating member 4 vibrates, this force 
repeatedly acts on the driven member 165, and the driven 
member 165 rotates clockwise in FIG. 14. The rotor 164 
thereby rotates clockwise in FIG. 14. 
0234. In FIGS. 13 and 14, the deformation of the vibrat 
ing member 4 is shown in an exaggerated manner, and the 
arms 48 are not shown. 

0235. In the present embodiment, an example was 
described in which the electrodes of the vibrating member 4 
were divided into four pieces, but this example is nonlim 
iting, and the present invention is not limited to the previ 
ously described structure or drive method of the vibrating 
member 4. 

0236 Also, the linear actuators 16x and 16 both have a 
position detection device (travel distance detection device) 
(not shown) for detecting the position (travel distance) of the 
slider 181 (spindle element 14) in the direction of the x-axis 
and the position (travel distance) in the direction of the 
y-axis. The position detection devices are both configured 
from a cable for detecting the specific position and a sensor 
having a light-emitting element and a light-receiving ele 
ment. 

0237 When the vibrating member 4 of the linear actuator 
16x is driven and the slider 181 moves, a signal from the 
sensor is Supplied (inputted) to a y-direction control circuit 
92y of the drive control circuit 9 to be described later, and 
the y-direction control circuit 92y determines the travel 
distance or the position of the slider 181 (spindle element 
14) in the direction of the y-axis on the basis of this signal. 
The information of the travel distance or position of the 
slider 181 (spindle element 14) is used for specific control 
ling or processing when the slider 181 (spindle element 14) 
is moved in the direction of the y-axis. 
0238 Similarly, when the vibrating member 4 of the 
linear actuator 16v is driven and the slider 181 moves, a 
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signal from the sensor is Supplied (inputted) to an X-direc 
tion control circuit 92.x of the drive control circuit 9 to be 
described later, and the X-direction control circuit 92.x deter 
mines the travel distance or the position of the slider 181 
(spindle element 14) in the direction of the x-axis on the 
basis of this signal. The information of the travel distance or 
position of the slider 181 (spindle element 14) is used for 
specific controlling or processing when the slider 181 
(spindle element 14) is moved in the direction of the x-axis. 

0239). The position detection devices are not limited to 
optical detection, and may, for example, be designed for 
magnetic detection. 

0240 The configurations of the linear actuators 16x and 
16y are not limited to those previously described, and the 
configuration shown in FIG. 11, for example, may be used. 
The linear actuator 16v was described as a typical example 
of the linear actuator 16v and the linear actuator 16x. The 
description focuses on differences with the linear actuator 
16y shown in FIG. 9, and descriptions of similar aspects are 
omitted. 

0241. As shown in FIG. 11, the slider 181 in the linear 
actuator 16v has a Substantially square frame shape. Spe 
cifically, a Substantially square-shaped opening 182 is pro 
vided in the middle of the slider 181. It is thereby possible 
to reduce the weight. The vibrating member 4 can also be 
attached and removed using this opening 182, and mainte 
nance is improved. 

0242 A rack gear 183 that meshes with the pinion gear 
167 provided to the rotor 164 is formed in the end on the 
inner side of the slider 181 on the right side in FIG. 11, along 
the direction in which the slider 181 moves. 

0243 Also, the slider 181 is configured so that it is held 
from the inside by the rotor 164 and the rotors 163 (the slider 
181 is sandwiched between the rotor 164 and the rotors 163) 
to prevent interference between the vibrating member 4 and 
the slider 181, as seen in a plane (in FIG. 11). 

0244. The thickness of the entire linear actuator 16v can 
thereby be further reduced. 

0245 Next, the spindle element 14 will be described. 

0246. As shown in FIG. 1, the spindle element 14 has a 
circuit board (flexible circuit board) 13 having specific 
circuits, a holding frame 141 for holding the circuit board 
13, and a storage battery (battery, energy reserve unit) 15 as 
an energy storage device for storing energy to drive the 
miniature aircraft 1. 

0247 The circuit board 13 is provided, for example, with 
the drive control circuit 9 shown in FIG. 15, and a drive 
circuit for the orientation control sensor 8 or the like. 

0248. The storage battery (energy reserve unit) 15 is in 
the shape of a plate (block). The storage battery 15 is 
connected to the circuitboard 13 via a flat cable (not shown). 
Electricity is thereby supplied to the circuit board 13 and 
other components of the miniature aircraft 1. 

0249. The holding frame 141 is in the shape of a sub 
stantially rectangular prism. A hollow part 142 in the shape 
of a Substantially rectangular prism that runs through the 
holding frame 141 is formed in the holding frame 141. 
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0250 Part of the circuit board 13 (for example, the base 
plate of the orientation control sensor 8 or the like) is 
provided (fixed) to the side surface 143 of the holding frame 
141 in which the hollow part 142 is not formed, and the 
bottom surface 144 of the holding frame 141. Specifically, 
part of the circuit board 13 is formed along the outer 
periphery of the holding frame 141. The surface area of the 
circuit board 13 can thereby be increased, and a large 
number of circuits (circuit patterns) can therefore be formed 
in the circuit board 13. 

0251 Part of the circuit board 13 (for example, the BT 
base plate or the like) is similarly provided (fixed) in the 
hollow part 142. The circuit board 13 is provided so that the 
hollow part 142 is vertically partitioned in two. The inner 
sides of the holding frame 141 (the hollow part 142) can 
thereby be efficiently utilized. 
0252 Also, pawls (nail) 145 are provided to each of the 
four corners of the bottom surface 144 of the holding frame 
141. The pawls 145 are formed so as to engage with the 
edges (corners) 151 of the storage battery (energy reserve 
unit) 15. The storage battery 15 is thereby supported in a 
detachable manner, and the storage battery (energy reserve 
unit) 15 is easily replaced. 
0253) The mass of the spindle element 14 with this 
configuration accounts for a large part of the mass of the 
miniature aircraft 1, and therefore the center of gravity can 
easily be moved by moving the spindle element 14. As 
shown in FIG. 15, the orientation control sensor 8 is con 
figured from a gyro sensor 81z for detecting rotation around 
the Z-axis (0Z direction), an acceleration sensor 81.x for 
detecting acceleration in the direction of the X-axis (CIX), and 
an acceleration sensor 81 y for detecting acceleration in the 
direction of the y-axis (Cy). 
0254 Also, the drive control circuit 9 is configured from 
a OZ detection circuit 91z, an OX detection circuit 91.x, an ay 
detection circuit 91y, a 0Z control circuit 92z, an x-direction 
control circuit 92.x, a y-direction control circuit 92', a first 
drive circuit 931, a second drive circuit 932, a y-drive circuit 
93y, an X-drive circuit 93.x, a switch (not shown) for switch 
ing the electrodes of the linear actuator 16v made conductive 
by the vibrating member 4, and a switch (not shown) for 
switching the electrodes of the linear actuator 16x made 
conductive by the vibrating member 4. 
0255. The first drive circuit 931 is connected to the 
vibrating member 4 for rotatably driving the rotor 3, and the 
second drive circuit 932 is connected to the vibrating 
member 4 for rotatably driving the rotor 5. Also, the y-drive 
circuit 93y is connected to the vibrating member 4 of the 
linear actuator 16v via the switch for switching the elec 
trodes, and the X-drive circuit 93.x is connected to the 
vibrating member 4 of the linear actuator 16x via the switch 
for switching the electrodes. A cowling 7 in the shape of a 
dome (hemisphere) is fixed in place (provided) in the middle 
of the center axle 22, as shown in FIG. 1. 

0256 In the reference orientation (as shown in FIG. 1), 
the cowling 7 has a convexity facing vertically upward, and 
a cavity 73 (hollow part) that opens vertically downward. 
0257 As a result of the cowling 7 having a dome-shaped 
convexity 72, a preferred airflow can be obtained from the 
rotary wings 34 and 54, and the miniature aircraft 1 can 
therefore reliably achieve lift. Also, since the shape of the 
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outer surface 71 is smooth, vortexes can be prevented from 
occurring in the airflow, specifically, the airflow can be 
controlled. 

0258 Since air flows smoothly along the outer surface 
71, airflow resistance can be suppressed, and the consump 
tion of the electricity in the storage battery 15 can therefore 
be suppressed. 

0259 Also, since the cowling 7 has a cavity 73, the fixing 
parts of the X-axis direction movement device 16.x, the y-axis 
direction movement device 16', and the grounding device 
can be inserted into the cavity 73, whereby the size (height) 
of the miniature aircraft 1 in the height direction (the vertical 
direction in FIG. 1) can be reduced (controlled). Also, 
inserting the X-axis direction movement device 16.x and the 
y-axis direction movement device 16v into the cavity 73 
makes it possible to protect both of these devices with the 
outer surface 71. When the miniature aircraft 1 is remote 
controlled wirelessly, the cowling 7 can function as an 
antenna (parabolic antenna). 

0260 Also, the cowling 7 has a shape at which the center 
axis (centerline) thereof substantially coincides with the 
center axle 22, that is, the center axis is symmetrical with the 
center axle 22 as seen from the longitudinal direction. The 
airborne orientation (airborne state) of the miniature aircraft 
1 can thereby be stabilized. 

0261) The structural material of the cowling 7 is not 
particularly limited, and various metal materials or various 
plastics (resin materials) or the like can be used singly or in 
combinations together. The cowling 7 can thereby be easily 
formed. Also, the drive control circuit 9 can be protected 
from Sunlight or Y rays in the sky. 

0262. As shown in FIG. 1, the grounding locations 500 
for grounding the miniature aircraft 1 are provided with two 
electrodes 200. The electrodes 200 are both connected to a 
power supply 201. 

0263. When the miniature aircraft 1 is grounded at the 
grounding locations 500 by the grounding device 6, the legs 
61 are connected to the electrodes 200, and the legs 61 
conduct electricity to the electrodes 200. At this time, the 
storage battery 15 stores electricity from the power supply 
201 via a cable connecting the legs 61 and the storage 
battery 15. 

0264. Thus, electricity can be reliably stored in the min 
iature aircraft 1 (storage battery 15) every time the miniature 
aircraft 1 lands (is grounded) at the grounding locations 500 
by providing the grounding locations 500 with the electrodes 
200 and the power supply 201. 

0265 FIGS. 16 through 19 are schematic diagrams (side 
views) for describing the operation and the like of the 
miniature aircraft shown in FIG. 1. FIG. 20 is a schematic 
diagram (plan view) for describing the operation and the like 
of the miniature aircraft shown in FIG. 1, FIG. 21 is a graph 
showing the relationship between the altitude of the minia 
ture aircraft and the lift when the spring force (elastic force) 
of the legs of the grounding device of the miniature aircraft 
shown in FIG. 1 and the rotational frequency of the rotary 
wings (rotor) are constant, and FIGS. 22 and 23 are sche 
matic views (side views) for describing the operation and the 
like of the miniature aircraft shown in FIG. 1. 
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0266. As shown in FIG. 16, the direction of the rotational 
centerline 36 is vertical when the position of the center of 
gravity lies on an extended line from the rotational center 
line 36 (center axle 22). The lift at this time consists only of 
the vertical component (thrust). 
0267 As shown in FIG. 17, when the center of gravity 
moves due to the movement (displacement) of the spindle 
element 14, the miniature aircraft 1 (rotational centerline 36) 
is inclined so that the direction of the straight line L that 
passes through the center of gravity and the fulcrum Pat 
which the lift acts (occurs) is vertical. A horizontal compo 
nent (translational thrust) is thereby created in the lifting 
force, and the miniature aircraft 1 moves horizontally. 
0268 Also, as previously described, the legs 61 both 
have elasticity (spring properties), so when the lifting force 
is 0, as shown in FIG. 18, the legs 61 spread farther outward 
due to the weight of the miniature aircraft 1 than when the 
legs 61 are not in contact with the ground (floor (grounding 
locations 500)) (the natural state). 
0269. As shown in FIG. 19, when the rotary wings 34 and 
54 (rotors 3 and 5) rotate to create lift, the force applied to 
the legs 61 is reduced with greater lift, the spaces between 
the legs 61 are narrowed by the recoil force (elastic force) of 
the legs 61, and the legs 61 approach the natural State. 
0270. As previously described, the legs 61 have already 
expanded (there is a large distance between the rotational 
centerline 36 and the grounding points of the legs 61 on the 
ground) at the start of rotation of the rotary wings 34 and 54 
(rotors 3 and 5) for which there is no control of rotation 
around the rotational centerline 36 (Z-axis) of the miniature 
aircraft 1; therefore, a strong force (moment) acts to Sup 
press the rotation of the miniature aircraft 1 around the 
rotational centerline 36 as a result of the frictional force 
between the ground and the distal end parts 62 (distal ends 
621) of the legs 61, as shown in FIG. 20. The miniature 
aircraft 1 is thereby inhibited in its ability to rotate about the 
rotational centerline 36 (the miniature aircraft 1 is forced to 
not rotate). 
0271 The rotational speed of the rotary wings 34 and 54 
(rotors 3 and 5) then increases and the miniature aircraft 1 
rises, and when the spaces between the legs 61 narrow 
(when the distance between the rotational centerline 36 and 
the point of contact between the legs 61 and the ground 
becomes shorter), there is a decrease in the force (moment) 
for Suppressing the rotation of the miniature aircraft 1 as a 
result of the frictional force between the ground and the 
distal end parts 62. The miniature aircraft 1 thereby rises 
form a state in which the rotation of the miniature aircraft 1 
is controlled, and a Switch can gradually be made to con 
trolling the rotation of the miniature aircraft 1 around the 
rotational centerline 36. 

0272 Also, during takeoff, the rising of the miniature 
aircraft 1 is aided (assisted) by the spring force (elastic 
force) of the legs 61. 
0273 At this time, as shown by the dotted line in FIG. 21, 
when the spring force of the legs 61 has a linear shape, at an 
altitude 0 where the influence of the effects of the ground is 
greatest, the spring force reaches a maximum, the assistance 
by the spring force becomes excessive, and the aircraft 
sometimes rises suddenly at the start of takeoff and is likely 
to lose balance. In view of this, it is preferable to have a 



US 2007/0012818 A1 

configuration so that the spring force of the legs 61 has a 
nonlinear shape, and the spring force is saturated near the 
altitude 0. The rising of the miniature aircraft 1 can thereby 
be supported by the spring force of the legs 61, and takeoff 
can be executed Smoothly. 
0274 Also, since the legs 61 all have elasticity (spring 
properties), when the lift is at 0, the legs 61 spread outward 
due to the weight of the miniature aircraft 1, and the contact 
points Q where the legs 61 come into contact with the 
ground are disposed on the proximal end side (the roots) of 
the legs 61, as shown in FIG. 22. 
0275. As shown in FIG. 23, when the rotary wings 34 and 
54 (rotors 3 and 5) rotate to create lift, the force applied to 
the legs 61 is reduced as the lift increases, the spaces 
between the legs 61 become Smaller, and the contact points 
Q where the legs 61 come into contact with the ground move 
toward the distal end side of the legs 61. 
0276 Specifically, when grounded, the legs 61 bend so 
that the position of the contact points Q where the legs 61 
come into contact with the ground varies according to the 
load (weight) applied to the legs 61. The length (distance) of 
the contact points Q where the legs 61 come into contact 
with the ground from the fixed part 60 where the legs 61 are 
fixed is the greatest and the rigidity of the legs 61 is lowest 
when the miniature aircraft 1 is in its highest state, and, 
conversely, the length (distance) of the contact points from 
the fixed parts 60 where the legs 61 are fixed is the smallest 
and the rigidity of the legs 61 is highest when the miniature 
aircraft 1 is in its lowest state. 

0277. When the miniature aircraft 1 lands, for example, 
the rigidity of the legs 61 thereby increases as a load is 
applied to the legs 61, and collisions between the bottom 
parts of the fuselage of the miniature aircraft 1 (the spindle 
element 14 and the like) and the ground can be prevented 
when the aircraft makes abrupt landings. 
0278 An operating unit (controller) (not shown) is pro 
vided on the ground (floor) for such a miniature aircraft 1, 
wireless communication is enabled between the operating 
unit and the miniature aircraft 1, and the miniature aircraft 
1 can be radio-controlled wirelessly from the operating unit 
(the rotational frequency of the rotors 3 and 5 can be 
adjusted, and the position of the spindle element 14 in the 
direction of the X-axis and y-axis can be adjusted). 

0279. In this miniature aircraft 1, the rotational frequen 
cies (rotational speeds) of the rotors 3 and 5 are controlled 
based on the value detected by the gyro sensor 81z in the 0Z 
direction, the indicated value (indicated height value) in the 
direction of the Z-axis, and the indicated value (indicated 
value in the 0Z direction) around the Z-axis. 
0280 Specifically, when the indicated value in the direc 
tion of the Z-axis is inputted to the 0Z control circuit 92z, the 
driving of the vibrating members 4 for rotatably driving the 
rotors 3 and 5 is controlled via the first drive circuit 931 and 
the second drive circuit 932 so as to maintain the indicated 
value (height) in the direction of the Z-axis. The miniature 
aircraft 1 can thereby be raised or lowered in altitude, and a 
specific height can be maintained. 

0281 Also, when the indicated value in the 0Z direction 
is inputted to the 0Z control circuit 92z, the driving of the 
vibrating members 4 for rotatably driving the rotors 3 and 5 

Jan. 18, 2007 

is controlled via the first drive circuit 931 and the second 
drive circuit 932 so as to maintain the indicated value 
(orientation) in the 0Z direction. The miniature aircraft 1 can 
thereby be rotated by a specific amount (specific angle) 
forwards or backwards in the 0Z direction, and can be 
maintained at a specific angle (orientation) in the 0Z direc 
tion. 

0282 Also, in this miniature aircraft 1, the position of the 
spindle element 14 in the direction of the x-axis is controlled 
based on the indicated value in the direction of the X-axis 
and the value of acceleration C. in the x-direction detected by 
the acceleration sensor 81.x. 

0283 Specifically, when the indicated value in the direc 
tion of the x-axis is inputted to the x-direction control circuit 
92x, the driving of the vibrating member 4 of the linear 
actuator 16x is controlled via the X-drive circuit 93.x so as to 
reach the indicated value in the direction of the X-axis. 
Thereby, the spindle element 14 and the linear actuator 16 
are moved in the direction of the x-axis along with the base 
161, the center of gravity of the miniature aircraft 1 moves 
in the direction of the X-axis, and the rotational centerlines 
36 of the rotors 3 and 5 of the miniature aircraft 1 rotate by 
a specific angle in the XZ plane and are inclined by a specific 
angle in relation to the vertical line with respect to the X-axis. 

0284 Thus, the miniature aircraft 1 can be moved (flown) 
horizontally, for example, in the direction of Slanting of the 
rotational centerline 36. 

0285 Also, in this miniature aircraft 1, the position of the 
spindle element 14 in the direction of the y-axis is controlled 
based on the value of acceleration C. in the y-direction 
detected by the acceleration sensor 81y, and the indicated 
value in the direction of the y-axis. 
0286 Specifically, when the indicated value in the direc 
tion of the y-axis is inputted to the y-direction control circuit 
92y, the driving of the vibrating member 4 of the linear 
actuator 16v is controlled via the y-drive circuit 93y so as to 
maintain the indicated value in the direction of the y-axis. 
Thereby, the spindle element 14 moves in the direction of 
the y-axis, the center of gravity of the miniature aircraft 1 
moves in the direction of the y-axis, and the rotational 
centerlines 36 of the rotors 3 and 5 of the miniature aircraft 
1 rotate by a specific angle in the YZ plane and are inclined 
by a specific angle in relation to a vertical line and in relation 
to the y-axis. 

0287 Thus, the miniature aircraft 1 can be moved (flown) 
horizontally, for example, in the direction of Slanting of the 
rotational centerline. 

0288 As described above, according to this miniature 
aircraft 1, stable Soaring (flying) can be performed, and the 
miniature aircraft can be moved (flown) to arbitrary posi 
tions in an easy and reliable manner. 
0289 Particularly, the orientation usually tends to 
become unstable near the Surface of the ground because 
disturbance increases due to the influence of the ground 
effects, but this miniature aircraft 1 can take off and land in 
an easy and reliable manner. 

0290 Also, this miniature aircraft 1 has a simple struc 
ture that can be made Smaller and lighter. Manufacturing 
costs can also be reduced. 
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0291. As shown in FIG. 1 (in the reference orientation), 
in the miniature aircraft 1, the rotary wings 34 and 54 (rotors 
3 and 5), the x-axis direction movement device 16x and 
y-axis direction movement device 16, the circuit board 13. 
and the storage battery 15 are disposed in sequence verti 
cally downward. The center of gravity of the miniature 
aircraft 1 can thereby be lowered, and therefore the minia 
ture aircraft 1 can be flown in a stable manner, and the 
direction in which the miniature aircraft 1 is flown can be 
easily changed. 
0292 Also, since the storage battery 15 disposed on the 
lower side is heavy, collisions with the ground can be 
prevented or softened even if the miniature aircraft 1 touches 
down on the side of the storage battery 15. 
0293 Also, the length of the cable for connecting the 
circuit board 13 and the storage battery 15 can be reduced 
because the circuit board 13 and the storage battery 15 are 
disposed adjacent to each other. The weight of the cable can 
thereby be reduced, and decreases in Voltage can be pre 
vented or Suppressed. 
0294 Also, since the x-axis direction movement device 
16.x and y-axis direction movement device 16, and the 
circuit board 13 are disposed adjacent to each other, the 
length of the cable for connecting these components can be 
reduced. The weight of this cable can thereby be reduced, 
and decreases in Voltage are prevented or Suppressed. 
0295 Also, the rotary wings 34 and 54 and the x-axis 
direction movement device 16.x and y-axis direction move 
ment device 16v are provided so as to be symmetrical in the 
longitudinal direction of the center axle 22, as shown in FIG. 
20. 

0296. The airflow from the rotary wings 34 and 54 can 
thereby be entirely made to move vertically, and the stability 
of the airborne miniature aircraft 1 in the vertical direction 
can therefore be improved. 
0297 Also in the present embodiment, one vibrating 
member 4 each is provided for rotatably driving the driven 
members 33 and 53, but the present invention also allows a 
plurality of vibrating members 4 to be provided, and the 
driven members 33 and 53 may each be rotatably driven by 
a plurality of vibrating members 4. 
0298. In the present embodiment, one spindle element 14 

is used, but the present invention also allows a plurality of 
spindle elements 14 to be provided. 
0299 Also in the present invention, the configuration 
may be designed, for example, so that two spindle elements 
14 are provided, one spindle element 14 is moved (dis 
placed) in the direction of the x-axis by the linear actuator 
16.x, and the other spindle element 14 is moved (displaced) 
in the direction of the y-axis by the linear actuator 16v. 
Specifically, the configuration may be designed so that the 
linear actuator 16.x and the linear actuator 16v are separate, 
each is provided with its own spindle element 14, one 
spindle element 14 is moved in the direction of the x-axis by 
the linear actuator 16.x, and the other spindle element 14 is 
moved in the direction of the y-axis by the linear actuator 
16: 
0300 Also in the present invention, the method for 
remote-controlling the miniature aircraft 1 is not limited to 
radio control, and may use wire control, for example. 
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Specifically, the control unit (not shown) and the miniature 
aircraft 1 may be controlled by a lead wire (conducting wire) 
(not shown), and the miniature aircraft 1 may be remote 
controlled from the control unit through this lead wire. 
0301 Also, the battery is not limited to a storage battery 
(secondary battery), and may, for example, be a primary 
battery, a solar battery (a combination of an optoelectric 
conversion element and a secondary battery), or the like. 

Second Embodiment 

0302 FIG. 24 is a cross-sectional view showing the 
second embodiment of the miniature aircraft of the present 
invention. 

0303 Hereinbelow, the second embodiment of the min 
iature aircraft of the present invention is described with 
reference to the diagrams. The description focuses on the 
differences with the embodiment previously described, and 
descriptions of similar aspects are omitted. 
0304. The present embodiment is similar to the first 
embodiment except that the configuration of the energy 
storage device is different. 
0305. In the miniature aircraft 1A, the energy storage 
device is configured from a fuel cell 30. 
0306 As shown in FIG. 24, the fuel cell 30 has a fuel tank 
301, a Seebeck element 302 (for example, see Japanese 
Laid-Open Patent Application No. 2004-140048), and a heat 
generating unit 303. 
0307 The fuel tank 301 is a unit for accommodating 
(storing) butane or another such fuel, for example. The fuel 
tank 301 is placed (fixed) on the underside of the fixed part 
60. 

0308 The heat generating unit 303 is a unit for burning 
fuel delivered (taken out) from the fuel tank 301. The heat 
generating unit 303 is in the shape of a dome that follows the 
shape of the cavity 73 in the cowling 7. This heat generating 
unit 303 is linked (fixed) to the center axle 22 via a linking 
member 304 provided to the center axle 22 near the fixed 
part 60. 
0309 The heat generating unit 303 is not particularly 
limited, but a micro combustor or the like may be used, for 
example. 

0310. The Seebeck element 302 is disposed in a uniform 
thickness on the outer periphery 305 of the heat generating 
unit 303. Also, the cowling 7 is provided to the outer 
periphery (outer side) of the Seebeck element 302, and the 
cowling 7 functions as a casing for the fuel cell 30 (see FIG. 
24). The fuel cell 30 thereby does not need to be provided 
with a separate casing. Specifically, the number of compo 
nents constituting the fuel cell 30 can be reduced. 
0311. Also, using the fuel cell 30 as the energy storage 
device makes it possible to increase the time that the 
miniature aircraft 1 can remain airborne and to make this 
time greater than when a primary battery or secondary 
battery (storage battery) is used for the energy storage 
device. 

0312 Next, the process by which electric power (elec 
tricity) is generated by the fuel cell 30 with this configura 
tion will be described. 
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0313 First, fuel is delivered from the fuel tank 301, and 
the delivered fuel is burned by the heat generating unit 303. 
A combustion reaction thereby occurs and heat is generated 
in the outer periphery 305 of the heat generating unit 303. 
0314. The heat generated in the outer periphery 305 
passes through the Seebeck element 302 and is emitted into 
the atmosphere. At this time, part of the heat in the Seebeck 
element 302 is converted to electricity. This electricity is 
captured and used to drive the miniature aircraft 1. 
0315. The cowling 7 is not limited to acting as the casing 
of the fuel cell 30, and may, for example, be a radiation unit, 
cooling unit, or a low-temperature heat exchange foundation 
for the fuel cell 30. The number of components constituting 
the fuel cell 30 can thereby be reduced. Also, with another 
type of fuel cell, the cowling may be an ion exchange 
membrane (for example, an ion exchange membrane of a 
fuel cell used direct-methanol having a high polymer of an 
elecrolyte), whereby the supply of air or discharge of 
exhaust gas or the like may be simplified and performance 
improved. 

Third Embodiment 

0316 FIG. 25 is a perspective view showing the third 
embodiment of the miniature aircraft of the present inven 
tion, and FIG. 26 is a front view depicting a condition in 
which the miniature aircraft shown in FIG. 25 is grounded. 
0317 Hereinbelow, the third embodiment of the minia 
ture aircraft of the present invention is described with 
reference to the diagrams. The description focuses on the 
differences with the embodiments previously described, and 
descriptions of similar aspects are omitted. 
0318. The present embodiment is similar to the first 
embodiment except that the shape of the fixed part of the 
grounding device is different. 

0319. As shown in FIG. 25, the fixed part 60B of the 
miniature aircraft 1B is configured from a plate in the shape 
of a square. 

0320 U-shaped grooves 631, 632, 633, and 634 that run 
through the fixed part 60B in the thickness direction (Z-axis 
direction) are provided to (formed in) the fixed part 60B. 
0321) The groove 631 and groove 632 are disposed 
facing each other about the center axle 22. A thin part 64 is 
thereby formed between the groove 631 and the groove 632. 
0322. Also, the groove 633 and the groove 634 disposed 
facing each other are formed in the outer sides of the groove 
631 and the groove 632 about the center axle 22. A thin part 
65 is thereby formed between the groove 633 and the groove 
634. 

0323 Also, the direction in which the grooves 633 and 
634 are formed is at a substantial right angle to the direction 
in which the grooves 631 and 632 are formed. 
0324. As a result of providing such grooves 631, 632, 
633, and 634, the thin part 64 easily rotates in the 0x 
direction, and the thin part 65 easily rotates in the 0y 
direction. Specifically, the fixed part 60A has a gimbal 
structure as a result of the presence of the grooves 631, 632, 
633, and 634. The center axle 22 can thereby be inclined in 
either the 0x direction or the 0y direction. 
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0325 As shown in FIG. 26, when the grounding locations 
500 are inclined in relation to the horizontal direction, the 
spindle element 14 receives the vertically downward (in the 
direction of the Z-axis) weight (shown by the arrow in FIG. 
26) when the legs 61 (grounding device 6) are grounded at 
the grounding locations 500. The center axle 22 accordingly 
receives the vertically downward weight. At this time, the 
center axle 22 is oriented vertically because it is fixed to the 
fixed part 60B with the gimbal structure previously 
described. 

0326 Thus, as a result of the center axle 22 being 
oriented vertically when the miniature aircraft 1B has landed 
(grounded), the miniature aircraft 1 can easily take off 
because the thrust during takeoff is oriented vertically 
upward. 

0327. The miniature aircraft of the present invention was 
described above with reference to the illustrated embodi 
ments, but the present invention is not limited thereto, and 
the configurations of the components can be replaced with 
arbitrary configurations having similar functions. Other arbi 
trary configurations may be appended to the present inven 
tion. 

0328. The present invention may have a combination of 
two or more arbitrary configurations (characteristics) from 
the previous embodiments. 
0329. Also, the fixed part of the grounding device with 
the gimbal structure shown in the second embodiment may 
be applied as a fixed part for the grounding device of the first 
embodiment or the fixed part for the grounding device of the 
second embodiment. 

0330. The drive source for rotatably driving the rotors is 
not limited to the illustrated vibrating members, and may, for 
example, be an electromagnetic motor, a gas turbine, a 
reciprocating engine, or the like. 
0331. Also in the present invention, the shape and struc 
ture of the vibrating members are not limited to the illus 
trated configurations, and any configuration may be used as 
long as the driven members can be rotatably driven. For 
example, one with one piezoelectric element, one with no 
reinforcing plate, or one with a shape whose width gradually 
decreases towards the part in contact with the driven mem 
ber may be used. 
0332 The size of the miniature aircraft of the present 
invention is not particularly limited, but a miniature aircraft 
wherein a rotor with rotary wings has a relatively small 
diameter of about 5 to 300 mm is particularly suitable. 
0333 Also, in the present invention, the number of legs 
in the grounding device is not limited to four, and may, for 
example, be three or five or more. 
0334 The number of pawls formed to support the storage 
battery is not limited to four and may, for example, be two, 
three, or five or more. 

0335 Also, the miniature aircraft of the present invention 
has the characteristics of being Small, lightweight, and 
highly functional as previously described, and therefore has 
a broad range of application, and can be applied to toys as 
well as other various applications. For example, the aircraft 
can be flown into environments that people cannot enter 
(narrow locations, radioactive locations, and the like), and 
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can be used as a device for gathering information by means 
of various sensors, or for transportation. 
0336. The terms “front,”“back, “up,”“down,”“perpen 
dicular.”horizontal, 'slanted,” and other direction-related 
terms used above indicate the directions in the employed 
diagrams. Therefore, the direction-related terms used to 
describe the present invention should be interpreted in 
relative terms as applied to the employed diagrams. 
0337 “Substantially,”“essentially,”“about,” and other 
terms used above that represent an approximation indicate a 
reasonable amount of deviation that does not bring about a 
considerable change as a result. Terms that represent these 
approximations should be interpreted so as to include an 
error of about t5% at least, as long as there is no consid 
erable change due to the deviation. 
0338. This specification claims priority to Japanese 
Patent Application Nos. 2003-18806, 2003-22166, and 
2003-22165. All the disclosures in Japanese Patent Appli 
cation Nos. 2003-18806, 2003-22166, and 2003-22165 are 
incorporated herein by reference. 
0339. Only some embodiments of the present invention 
are cited in the above description, but it is apparent to those 
skilled in the art that it is possible to add modifications to the 
above-described embodiments by using the above-described 
disclosure without exceeding the range of the present inven 
tion as defined in the claims. The above-described embodi 
ments furthermore do not limit the range of the present 
invention, which is defined by the accompanying claims or 
equivalents thereof, and are designed to provide solely a 
description of the present invention. 

KEY TO SYMBOLS 

0340 1, 1A, 1B: miniature aircraft, 2: base part, 21: base 
plate, 212: hole, 22: center axis, 221: hollow part, 222: hole, 
23: vibrating member mounting unit, 3: rotor, 31: cylindrical 
member, 32: rotary wing fixing member, 321: cylindrical 
part, 322: fixing part, 33: driven member, 331; outer periph 
eral surface, 34: rotary wings, 35: axle hole, 36: rotational 
centerline, 4: Vibrating member, 41, 45: electrodes, 41a-41d. 
electrodes, 45a-45d electrodes, 42, 44: piezoelectric ele 
ments, 43: reinforcing plate, 46: convexity, 471, 472: cables, 
48: arm, 481: hole, 49: centerline, 5: rotor. 51: cylindrical 
member, 52: rotary wing fixing member, 521: cylindrical 
part, 522: fixing part, 523: axle, 53: driven member, 531: 
outer peripheral surface, 54: rotary wings, 541: axle, 55: axle 
hole, 6: grounding device, 60, 60A, 60B: fixed part, 61: leg, 
62: distal end part, 621: distal end, 631, 632, 633, 634: 
groove, 64, 65: thin part, 8: orientation control sensor, 81.x, 
81y: acceleration sensors, 81z: gyro sensor. 7: cowling, 71: 
outer surface, 72: convexity, 73: cavity, 9: drive control 
circuit, 91.x: CX detection circuit, 91y: ay detection circuit, 
91z: 0Z detection circuit, 92.x: X-direction control circuit, 
92y: y-direction control circuit, 92z: 0Z control circuit, 931: 
first drive circuit, 932: second drive circuit, 93.x: X-drive 
circuit, 93y: y-drive circuit, 11: bearing, 12: bolt, 13: circuit 
board, 14: spindle element, 141: holding frame, 142: hollow 
part, 143: side surface, 144: bottom surface, 145: pawl, 15: 
storage battery, 151: edge, 152: cable, 16: orientation vary 
ing device, 16.x: X-axis direction movement device, 16 y: 
y-axis direction movement device, 161: base, 162: guide 
pin, 163; rotor, 1631: groove, 164: rotor, 165: driven mem 
ber, 1651: outer peripheral surface, 166: cylindrical part, 
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167: pinion gear, 168: Spring stopping pin, 1691, 1692: 
circular plate part, 171: base stand, 172: long hole, 173: 
spring holder, 174: coil spring, 175: bolt, 181: slider, 182: 
opening, 183: rack gear, 184: protrusion, 185: hole, 186: pin, 
186a: pin main body, 186b: flange, 186c: hole, 187: first 
slider part, 188: second slider part, 189: linking part, 19: 
orientation stabilizer, 191: stabilizer bar, 192: spindle, 193: 
stabilizer joint, 194: Support unit, 195: axle, 200: electrode, 
201: power supply, 30: fuel cell, 301: fuel tank, 302: 
Seebeck element, 303: heat generating unit, 304: linking 
member, 305: outer periphery, 500: grounding location 

What is claimed is: 
1. A miniature aircraft, comprising: 
an axle having a hollow in said axle along a longitudinal 

direction thereof 
a first rotary wing being disposed substantially coaxially 

with said axle; 
a second rotary wing being disposed substantially coaxi 

ally with said axle and being capable of rotating in an 
opposite direction of said first rotary wing: 

a first drive source being connected to said first rotary 
wing to rotate said first rotary wing: 

a second drive source being connected to said second 
rotary wing to rotate said second rotary wing; and 

cables being inserted in to said hollow and being con 
nected to said first and second drive sources. 

2. The miniature aircraft according to claim 1, wherein 
said first drive source has a reinforcing plate, piezoelectric 

elements disposed on both sides of said reinforcing 
plate, electrodes disposed on said piezoelectric ele 
ments, and a convexity integrally disposed on said 
reinforcing plate and contacting to said first rotor. 

3. The miniature aircraft according to claim 1, further 
comprising 

a base part being disposed on said axle, said base part 
including a mounting unit, wherein 

said first drive source includes an arm configured and 
arranged to fix said first drive source to said mounting 
unit. 

4. The miniature aircraft according to claim 1, further 
comprising 

a cowling being symmetric with respect to said axle, 
extending away from said second rotary wing as said 
cowling extends away from said axle. 

5. The miniature aircraft according to claim 4, further 
comprising 

an energy reserve unit being connected to said cables that 
is configured and arranged to provide energy to said 
first and second drive sources. 

6. The miniature aircraft according to claim 5, wherein 

said energy reserve unit is a fuel cell. 
7. The miniature aircraft according to claim 6, wherein 
at least a part of said cowling covers said energy reserve 

unit. 
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8. The miniature aircraft according to claim 4, wherein 
said cowling includes at least one of a metallic material, 

resin material, and a combination metallic/resin mate 
rial. 

9. The miniature aircraft according to claim 1, further 
comprising 

a stabilizer including, 
a Support member being rotatably disposed on said 

axle, 
a stabilizer bar being Swingably disposed on said 

Support member and perpendicularly disposed rela 
tive to a rotation center line of said second rotary 
wing, 

spindles being disposed on both ends of said stabilizer 
bar, and 

a stabilizer joint connecting said stabilizer bar and said 
second rotary wing. 

10. The miniature aircraft according to claim 1, further 
comprising, 

a rod shaped leg to land said miniature aircraft, 
a connector to connect said leg to said axle. 
11. The miniature aircraft according to claim 10, wherein 
said connector has a Gimbal structure configured and 

arranged to vertically Sustain said axle. 
12. The miniature aircraft according to claim 10, further 

comprising 
an energy reserve unit including a battery to reserve 

energy and being electrically connected to said cables, 
wherein 

said leg includes an electrode on an end of said leg to 
contact a power Supply when said miniature aircraft 
lands. 

13. The miniature aircraft according to claim 10, wherein 
said leg has elasticity that Supports said aircraft when said 

aircraft is taking off. 
14. The miniature aircraft according to claim 10, further 

comprising 
an energy reserve unit having a battery and a nail to 

detachably hold said battery. 
15. The miniature aircraft according to claim 1, further 

comprising 
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a spindle being disposed on said axle; and 
an orientation changer moving said spindle. 
16. The miniature aircraft according to claim 15, wherein 
said orientation changer includes 

a first linear actuator connected to said spindle to move 
said spindle in a first direction perpendicular to said 
axle, and 

a second linear actuator connected to said spindle to 
move said spindle in a second direction perpendicu 
lar to both said axle and said first direction. 

17. The miniature aircraft according to claim 16, wherein 
said first linear actuator includes a third drive source, a 

third rotor having a first pinion gear and a first periph 
ery that contacts to said third drive source, and a first 
slider being connected to said spindle and having a first 
rack gear that engages with said first pinion gear, and 

said second linear actuator includes a fourth drive source, 
a fourth rotor having a second pinion gear and a second 
periphery that contacts to said fourth drive source, and 
a second slider being connected to said spindle and 
having a second rack gear that engages with said 
Second pinion gear. 

18. The miniature aircraft according to claim 17, wherein 
said third drive source has a reinforcing plate, piezoelec 

tric elements that are disposed on both sides of said 
reinforcing plate, an electrode that is disposed on said 
piezoelectric elements, and a convexity that contacts to 
said first rotary wing. 

19. The miniature aircraft according to claim 16, further 
comprising, 

an orientation control sensor having a gyro sensor to 
detect rotation around an axis in a vertical direction, a 
first acceleration sensor to detect acceleration in said 
first direction, a second acceleration sensor to detect 
acceleration in said second direction; and 

a drive control circuit controlling said first and second 
linear actuator based on a direction order from said 
orientation control sensor. 

20. The miniature aircraft according to claim 16, wherein 
said first rotary wing and said orientation changer are 

disposed symmetric with respect to said axle. 
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